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During the year 1916 the Office of Public Roads and Rural Engi- 
neering undertook three new experimental highway projects and a 
separate investigation of corrugated metal pipe for use in constructing 
highway culverts. All of the highway projects involved the use of 
bituminous materials. The principal purpose of the new road 
experiments has been to develop the most advantageous methods 
of using gravel with bituminous materials in constructing the better 
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types of roads. Other purposes have been to investigate the value, 
as a road-surfacing material, of earth-oil asphalt, made by admixing 
asphalt with a prepared mixture of earth and water; and to secure 
check results with certain types of bituminous macadam that have 
been employed in previous experiments of the office. The culvert 
investigation is for the purpose of determining the relative merits 
of various kinds of steel and iron used in the manufacture of corru- 
gated pipe. 

Supplementary reports, describing the progress of experiments 
previously reported, follow the reports of the new experiments. 
To these supplementary reports are added, in several cases, summaries 
showing an outline history of the projects to date. Also, the histories 
of several projects that have been discontinued are summarized in 
this bulletin so as to make the experimental results already obtained — 
by the office easier for the interested reader to follow. ? 


NotE.—In this publication “bituminous macadam by the penetration method” is called simply bitu- 
minous macadam, and *“‘bituminous macadam by the mixing method,”’ bituminous concrete. 


NEW EXPERIMENTS. 


The new experiments included bituminous macadam and _ bitu- 
minous gravel construction on the Russell Road in Alexandria 
County, Va.; bituminous gravel concrete and earth-oil asphalt on 
the Alexandria-Accotink Road in Fairfax County, Va.; and the bitu- 
minous surface treatment-of a new gravel road leading from Gum 
Spring to Mount Vernon in Fairfax County, Va. In addition the 
special experiments with corrugated meta! culverts were initiated on 
‘the Texas post road. 


EXPERIMENTS ON RUSSELL ROAD, ALEXANDRIA COUNTY, VA. 
BITUMINOUS MACADAM AND BITUMINOUS GRAVEL. 


This experimental project is located in Alexandria County, Va. 
The road begins at station 0+ 00 or station 114+47.3 of the Mount 
Vernon Avenue experimental road, and runs in a general south- 
westerly direction on a new location to station 21+40. From there 
it continues in the same general direction over an old worn-out 
gravel road to the city line of Alexandria. The project is 8,761.4 
feet in length and is divided into eight experiments, as shown in 
Table 1. The experiments are numbered consecutively from station 
0+00 toward Alexandria. The experimental surfaces were con- 
structed on a 6-inch pit-run gravel base throughout. Work was 
begun by contract July 12, 1915, and completed June 20, 1916. The 
total cost of the project was $22,844.94. : 
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TaBLeE 1.—Description of experiments. 


Bituminous material. 


Experi- 
ment |lLocation(stations). Stone. 

number. First application. ’ Second application. 
1h oe eee 1+-81 to 17+-81 | Trap.......-- Water-gas tar, refined......- Water-gas tar, refined. 
Tern 17+81t035+91 |..... Ones oes ecee GOT eee eae see Oil asphalt. 
Bide es ee 35+91 to 54+55 |..... dose: Coalltar refinede 2222-4. 4.2 Coal tar, refined. 
ib. Seo 54+55 to 72+-55 |..--. doe steets|echee GOSS eee eet oe Oil asphalt. 
eee 72+55 to 77+55 | Gravel.....-. Water-gas tar, refined... ---- Water-gas tar, refined. 
(eee 77+55 to 82+61 |...-. Gorm shse4 Oilasphalteeeeese ses e eee Oil asphalt. 
7and8...| 82+61 to 87+61.4 |..... Gone cee Hesidua asphaltic petro- Residual asphaltic petro- 

eum. eum. 


1 The area from station 0+00 to station 1+81 at the intersection with the Mount Vernon A venue experi- 
mental road was surfaced with the same kind of wearing course used on experiment:No. 10 of that road 
and is classed with that experiment. 

2 From station 72+ 55 to station 73+ 46, 30 per cent of sand was added to the tar. 

3 The gravel for this experiment was a mixture of pit-run gravel from the Haney pit with 3-inch screened 
gravel imported from Richmond, Va. 


GENERAL FEATURES OF THE PROJECT. 


Right of way and location.—A new location was made from station 
0+00 to station 21+ 40, in order to eliminate a railroad crossing at 
grade with the Washington & Old Dominion Railroad at station 
12+50. The county of Alexandria secured this new right of way and 
and also arranged for widening the right of way of the old road to 50 
feet throughout its length. The acquired right of way amounted to a 
total of 2.2 acres. All points of curvature and tangency of the new 
location lines were marked with 6-inch concrete bound stones, set 
with the back face center at the point. 

Clearing and grubbing.—tIncluding both old and new avec 5 
acres were cleared and grubbed. 

Eazcavation.—All excavating was done with drag and wheel scrapers 
and dump wagons. Wherever practicable, fills were made with wheel 
scrapers in uniform layers. Side-hill slopes under new fills were 
plowed. Slopes in cuts were finished 1:1 and on fills 14:1. The road 
was graded to a width of 24 feet, the shoulders being 4 feet wide and 
having a slope of 1 inch to a foot. The side ditches were excavated 
19 inches below the grade of the road. The crown of the subgrade 
was made the same as the crown of the surface 2 inch to a foot. 
Between stations 63+50 and 86+50, 469 cubic yards of earth were 
borrowed. This borrow was made necessary because when the esti- 
mate was prepared, too small an allowance was made for shrinkage. 
In all, 11,384 cubic yards of earth were excavated. 

Grade crossing elumination.—An agreement was made with the Wash- 
ington & Old Dominion Railroad Co. whereby the company con- 
structed, at its own expense, abutments and a bridge span for the 
elimination of the grade crossing at station 12+50. By the terms of 
this agreement, the Department of Agriculture removed the prism of 
earth below the railroad and dug the foundation pits for the abut- 
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ments. The excavation of the foundation pits cost $335 64. The 
cost to the railroad company of its portion of the work was $2,588.76. 

Drainage.—Subdrainage, culverts, catch basins, and paved gutters 
were built where needed. 

Foundation or base course.—After the grading was completed, the 
subgrade was brought to its final shape by the use exclusively of 
picks and shovels and by rolling. All spongy and yielding areas were 
removed and replaced with fresh material as the rolling progressed. 
The foundation for all the experimental sections consisted of a com- 
pacted layer of gravel 6 inches in depth. A sand-clay gravel repre- 
sented by the analysis given in Table 2 obtained from Haney’s pit, 
adjoining the road, was used. All the gravel was weighed at the pit, 
and sample cubic yards loose also were weighed from time to time. 
A total of 5,604.4 tons of gravel was placed in the foundation. The 
average weight of a cubic yard of loose gravel was 3,000 pounds and 
the expansion from the pit to the wagon was 22 per cent. The 
gravel was dumped on the subgrade and spread by hand to a depth of 
8.7 inches. Practically all the stones of size greater than would pass 
a 24-inch screen were removed in the pit or while the gravel was being 
spread on the road. The gravel base was rolled with a 10-ton roller 
and was all in place December 4, 1915. Travel was allowed over the 
base all winter. Before beginning the experimental surfacing, April 
10, 1916, light trimming and reshaping of the base had to be done, 
but no serious depressions or ruts had developed. 


TABLE 2.— Mechanical analysis of gravel for use in foundatien. 


Per cent. 

Passing 1-inch screen, retained on #inch screen.-.-.-.-...-..-.---------------- <4 
Passing 2-inch screen, retained on 34-inch screen. -.-.-.-------- Sigs 2 ee eee 15.7 
Passing }-inch screen, retained on }-inch screen.-._..........---------------- - 25.7 
Passing 34-inch screen, retained on 10-mesh sieve.-............--------------- 19.6 
Passing 10-mesh sieve, retained on 20-mesh sieve..........-.---------------- 10.1 
Passing 20-mesh sieve, retained on 30-mesh sieve........-.------------------ 5.1 
Passing 30-mesh sieve, retained on 40-mesh sieve...........---.------------- = 
Passing 40-mesh sieve, retained on 50-mesh sieve.........-.----------------- 3.8 
Passing 50-mesh sieve, retained on 80-mesh sieve... .--- [0b 01 See 3.2 
Passing 80-mesh sieve, retained on 100-mesh sieve..........-..-----------+--- .8 
Passing 100-mesh sieve, retained on 200-mesh sieve. -..........----.---------- 2.4 
Passing 200-mesh sieve... — 3: <2 -<- 5. .2- 2 +2 - ~~~ = ee ee 9.0 
"otal... g2.% cc say22 woees secs Babe ee a eee 100.0 


Shoulders.—Earth shoulders were constructed 4 feet wide, with a 
slope of 1 inch to the foot. They were rolled and trimmed as the © 
surface was completed. 

Guard-rails.—W ooden guard-rails were constructed along the road — 
3 feet outside the edge of the bituminous surface at the stations shown ~ 
in Table 3. | 


Mer 


BP At evatiwign,. vine 
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TABLE 3.—Location 


Left. 


Station 1+82to Station 4+79 
Station 14+71 to Station 16+60 
Station 20+ 00 to Station 25+78 
Station 40+40 to Station 42+ 26 
Station 56+90 to Station 57+94 
Station 58+ 24 to Station 59+68 


of guard-rails. 


Right. 


Station 1+41 to Station 4+66 
Station 22+59 to Station 24+75 
Station 24+88 to Station 26+00 
Station 40+10 to Station 43+76 
Station 55+06 to Station 59+06 
Station 63+25 to Station 63+65 


Station 67+38 to Station 72+34 
Station 77+84 to Station 79+28 


Station 63+ 00 to Station 64+00 
Station 66+41 to Station 72+60 
Station 77+ 63 to Station 79+63 


Total, 4,519 linear feet. 


TESTS OF MATERIALS. 


TABLE 4.—Physical properties of trap rock used in the surface construction. 


SU EPLDD EOC Sh ea ee eee ee yy so 3.00 
ETELUS DED 0 S80 1 ea ae eee ee Serene ane | pounds.. 187 
emer ered ner cupic 100Gb. 6 Le Fs her oe ee ee doze .43 
EE REID LPS 5S le ee SR a Re ee 2.6 
Pie PRE tCIP TL Ol WEALS 52 SEER seis See bak ie Se Len 8 15.5 
PED T ESE EST he Sac 2 era See a erg pears as lee per rgeeeeg a aie a r 18.3 
LOTTE Ln ESE e-Bay eee ene) eee re MIR RR SS 13 
Cementing value.......--..- ce hye hes ON ar eRe A pe ee Fair. 


TasLE 5.—Mechanical analysis of gravel and sand used in the surface construction. 


Screened 
gravel for | Clean sand | Sand-clay eS 
eaten for experi- | 8tavel fue experi- 
ae 100) ments Nos. | ___€*P@ _ | ments Nos. 
‘peri- 5and sg, | ments Nos.| “";". > 
ments Nos : 7 and 8. De, 
5 and6 and 8. 
= ee has Per oe Per cent. | Percent. | Per cent. 

e U2 SEEN Peer 5 £55 oe te st [yi ene eee pec dee sad [etSn5--4 2-5 
Passing 2-inch, retained on 13-inch screen... .-...-.---- PE ee tS tt Bees Meee Ss 
Passing 14-inch, retained on 12-inch screen...---.-.---. od Ber bape ee mele ee AT | ee 
Passing 13-inch, retained on 1-inch screen....---.-.----| TT) RG Ia ee eee | D045): > eee ee 
Passing 1-inch, retained on 2-inch screen... -..---.-.---- eS eet ee 4.0 |S 
Pace 2 -iiph ZeLaned Os mel Screen ©) = 2 = 2. [oot l a S02 o- fb os ae oo 14.9 9.9 
Passing 4-inch, retained on 1-Imch screen... ...-..------|.----------- paar k ech 5H 23.6 50.4 
Passing 32-inch, retained on 10-mesh sieve... .------.---|-.---------- Spee eames 16.8 34.2 
Passing 10-mesh sieve retained on 20-mesh sieve.--.--.-|-.---------- 7.2 6.1 5.5 
Passing 20-mesh sieve retained on 30-inch sieve... ...-.|------------ 19.6 Ya Ree eee 
Passing 30-mesh sieve retained on 40-mesh sieve-...--..-.-.-------- 25.6 3.9 [23 
Passing 40-mesh sieve retained on 50-mesh sieve. ...--.------------ 22.4 PHT ema -ia aay 
Passing 50-mesh sieve retained on 80-mesh sieve..-.---.)-.---------- 17.2 2.6) eee 
Passing 80-mesh sieve retained on 100-mesh sieve----.-.|..---.------ 1.6 Td Sea ee 
Passing 100-mesh sieve retained on 200-mesh sieve.--.-.|..-...-.-.-- 5.0 7-8 1d (Eee ee 
Sp eign Te ee eee Pee ee 1.4 15: 15226222 
To) paca. So ee ee 1 0 100.0 | 100.0 | 100.0 
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TABLE 6.— Mechanical analysis of trap rock used in surface construction of experiments 


TIS AS 3, OU 0p As 


Trap rock 
for pene- yap rocks 
tration. Bs: 
Per cent. | Per cent. 
Retained 2-inchiscreem 2 -7:/jjot)c2 a0 Eas ee Se. aa ot Sheet ree See eee oe 206i): cee 
Passing 22-inch; retained on’ 14-inch screen; #22... .-2- 22 2a28 Sheu ee STN ee ee 
Passing 13- inch, retained on {2 INGHISCree tins. /s- es ES BR LS eee fee ENS Se ae 17-0; |S eeees 
Passing i inch, retained on 1-inch screen .o.26.22 1 ek et ee le 122 4 oe a 
Passing L-inch, retained on 2-inch:screens.s 4225 5 posts Pace eee ee eee ae 9.1 15.0 
Passing inch, retained on inch SCREGINS 2 acon eRe ae oe ee 2.4 36.0 
Passing 3-inch, retained on Linch SCTCOM: 2 cesses cea eee ee eee ere .9 37.0 
Passing Linch, retained on TOaneshsievene. ec sels et ee wil 11.3 
Passing O-MeSHSICVE. < <'. co.cc acincmwc@ee ee wo ene sc eee ea nice eee eee sik 
No} | ee ee ee SA Ee nee Masri s aoe aan Oren er MONOn aes er Se 100.0 100.0 
1 Passing +-inch screen. 
TABLE 7.—Analysis of refined tars. 
Coal tar, refined. Water-gas tar, refined. 
Experiments Nos. 3 Experiments Nos. 1, 
and 4 & 2, and 5. 
Specific gravity 25°C/25°C...............-. 1. 206 1.150 
Ble estoOs Cae eee a 2/38”" 2/34” 
Soluble in CS, (total bitumen). per cent. . 84.99 98. 28 
PEC CAT DON Ee ease ncaa ce sno ce do 14.96 1.65 
Tnorganic residue upon ignition. -..- do.... 05 07 
‘ Per Per rf Per Per 
rif pare har- cent cent har- cent cent 
Distillation. acter. by by acter. by by 
volume. | weight. volume. | weight 
Wis tere ae caer. ck Some eens ROSE Trace. 0.0 0.0 | Trace. 0.0 0.0 
First light oils (to.110°C)..---------2--2-2.|2. --- OOS. 0 SOR Ee ae do.. -0 .0 
Second light oils (110° to 170°C). ..-.------- Cloudy. aH ail ad Ome -0 .0 
Isha, Os (AUS 110 AOAC) pseassesSaenes sau |SAess don 10. 2 & 2 ‘Cloudy. 19.0 16.5 
Heavy oils (270° to 300°C) -...--..---.-----]----- doses LOS OM) oe Sollee do... 12.4 10.2 
JEN F CS) (pee 5 OMAR OO: SoA ahaa ree) | eee ree a 79.6 83. 3 ike = seat 68.6 73.3 
100.0 100.0 100. 0 100.0 
TaBLE 8.—Analyses of petroleum products. 
Residual 
Oil asphalts. asphaltic 
petroleum. 
Experi- Experi- Experi- 
ment No. | ment Nos. | ment Nos. 
6. 2and 4. 7 and 8. 
Specific erayauys2 e200 Cees ae ee eer 1.040 1.053 0.993 
Melting pomt (Ch sa. tecsceec cece Ge occse ce ek eee reece eeee tee eee 49 D8. sia isele eee 
Ploatitestiat:50°C/Guime) 2.5 hbase eae Soe ae ow smiee eesac teil Heeeoe cemeias | Semen 0/287" 
Specitic viscosity, Engler 100°C: S0CC. eae eee ae ne ee =e ae ee | ee 14.9 
Penetration at 25°C., 100 grams, DiISOG NM ee ees see ne mince seeeeeenee 98 O82 iylbtaee See 
Loss, 5 hrs., 163°C., 20 STAMNS, eis eee a eae pene cent. - 3.012) et Rees 13.98 
Penetration of residue, as above.. Seria oS oh 58 Gan (enc ae 
Per cent of total bitumen insoluble in 86°B naphtha. Jae See aeeee ee 27.70 30. 05 18. 88 
PUK EM CarW ONE eseciscinciciciseaem ceases hae aes = eee eee per cent. - 17.25 18. 85 9.96 
SolubleiniCs> (cotal bitumen) eases e eee eee dora 99. 80 99. 80 99. 93 
Organicumatiermmsolubley sees see ae nae eee dose .09 ily -07 
Jnorganicmmatteransolublesssee eee sa. eee eee eee ee doz sau . 03 00 
100. 00 100. 00 100.00 
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DESCRIPTION OF EXPERIMENTS. 


EXPERIMENT No. 1.—Brruminous Macapam: Trap Rock wirH REFINED WATER- 
Gas TAR. 


Location, station 1+-81 to station 17-+-81- 
Total length, 1,600 feet. 
Total area, 2844.4 square yards. 


The gravel base, as mentioned, had been under traffic for 4 months 
before the experimental surface was begun. The base was in good 
condition and required only a small amount of trimming and reshap- 
ing. One and one-half inch trap rock, having the physical properties 
and the mechanical analysis shown in Tables 4 and 6, was hauled 
in dump wagons and spread by hand to a depth of 3 inches. The 
spread stone was rolled until well keyed for two or three stations 
in advance of the pouring of the bituminous material which was 
heated in 500-gallon kettles mounted on trucks. The tar, at a tem- 
perature of 250° to 300° F., was drawn off into 4-gallon hand-pouring 
pots and applied at the rate of 14 gallons to the square yard. The 
distribution was controlled by pouring in longitudinal strips with as 
little lapping as possible. 

Clean stone chips were spread on the surface while the bituminous 
material was still hot and were broomed to an even distribution 
while the surface was being rolled with a 10-ton macadam roller. 
A seal coat of the hot tar, shghtly m excess of one-half gallon per 
square yard, was applied. Chips then were spread in such quantity 
as to cover all visible bituminous material and rolled immediately. 
The mechanical analysis of the chips is shown in Table 6. 


EXPERIMENT No. 2—Biruminous MacapaAm: TRAP Rock wItH REFINED WATER- 
GAs TAR AS BINDER AND O11 ASPHALT FOR THE SEAL COAT. 


— 


Location, station 17+-81 to station 35+-91. 
Total length, 1, 810 feet. 
Total area, 3,217.7 square yards. 


The construction of this experiment was exactly as described for 
experiment No. 1, except that an oil asphalt at a temperature of 
275° to 350° IF’. was used as the seal coat and applied in the same 
quantity and manner as the tar seal coat in experiment No. 1. 


EXPERIMENT No. 3: Biruminous Macapam: Trap Rock witH REFINED Coat TAR 
FOR BINDER AND SEAL Coat. 


Location, station 35+91 to station 54-+-55. 
Total length, 1,864 feet. 
Total area, 3,313.7 square yards. 


This experiment differs from experiments 1 and 2 only in the 
bituminous material. 
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EXPERIMENT No. 4.—BitumMiInovus MACADAM: TRAP WITH REFINED CoAL TAR BINDER 
AND O1L ASPHALT. SEAL COAT. 


Location, station 54-++55 to station 72-++55. 
Total length, 1,800 feet. 
Total area, 3,311.1 square yards.! 
This experiment differs from No. 2 only in the kind of tar used 
for the penetration course. 


EXPERIMENT No. 5.—Brrumimnous GRAVEL MacapAamM, GRAVEL BEING GROUTED 
witH MiIxTURE OF SAND AND REFINED WATER-GAS Tar. 


Location, station 72-++55 to station 77-++55. 
Total length, 500 feet. ~- 
Total area, 888.8 square yards. 

The gravel used in this experiment was received from Richmond, 
Va., and had been washed and screened. The mechanical analysis 
is shown in Table 5. The gravel was spread 3 inches thick, loose, 
and was rolled with a 10-ton roller. The fragments cracked slightly, 
and the surface tended to become wavy under the roller. After 
rolling the gravel, a grout of sand and refined water-gas tar was 
applied for the first 91 feet. The grout was mixed in the heating 
kettle in the proportion of about 3 parts of sand by volume to 5 parts 
of tar. The sand was not dry and considerable foaming in the ket- 
tle resulted. In mixing the materials it was found impossible to 
prevent the sand from settling to the bottom of the kettle, regardless 
of the care used in stirring, so that this method was abandoned. It 
had been expected to apply 14 gallons of this mixture to the square 
yard. The section was covered with pea gravel, rolled, and a seal 
coat applied later, as described below. The remainder of the experi- 
ment was constructed as follows: A penetration coat of refined 
water-gas tar was applied as in experiment No. 1, and sand, as 
shown in the mechanical analysis of Table 5 was applied by shovels 
to the surface until all voids were filled. The surplus sand was 
swept off and areas showing voids were filled carefully. <A seal coat 
of refined water-gas tar and pea gravel to the amount of 0.6 gallon 
of tar and about 0.02 cubic yard of pea gravel per square yard then 
was applied to the entire section. A final rollmg with the 10-ton 
roller completed the section. 


EXPERIMENT No. 6.—BrITUMINOUS GRAVEL (PENETRATION METHOD). Or, ASPHALT 
FOR PENETRATION AND SEAL Coat. 


Location, station 77-++55 to station 82+61. 
Total length, 506 feet. | 
Total area, 899.5 square yards. 
Experiment No. 6 was built according to the same method em- 
ployed in experiments Nos. 1 to 4, except that an asphaltic oil was 


1 Includes 111.1 square yards widening on curve. 
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used instead of tar for both the penetration and the seal coat, and 
clean screened gravel and pea gravel were substituted for the trap 
rock. The mechanical analyses of the gravels are shown in Table 5. 


EXPERIMENT No. 7.—GRAVEL CONSTRUCTION, WITH SURFACE TREATMENT OF RESIDUAL 
ASPHALTIC PETROLEUM. 


Location, station 82+-61 to station 85+61. 
Total length, 300 feet. 
Total area, 533.3 square yards. 

In this experiment the surfacing was constructed of a 4-inch layer 
of pit-run gravel, upon which was placed a 1-inch layer of clean, 
washed gravel. The entire course was harrowed with a spike-tooth 
harrow, sprinkled thoroughly and rolled, after which the entire experi- 
ment was opened to traffic for one month. The surface, which then 
had become thoroughly compacted, was roughened with picks and 
harrowed loose to an average depth of linch. The bituminous treat- 
ment followed immediately after the harrowing, and consisted of 
(1) an application of 0.68 gallon of hot residual asphaltic petroleum 
per square yard, covered with pea gravel, and rolled; and (2) an ap- 
plication of 0.55 gallon of the same oil per square yard, covered with 
sand, and rolled. After the surface had been finished for a day or 
two there was a tendency toward bleeding, and more sand was applied. 

Experiment No. 8 was planned originally as a part of experiment 
No. 7, and no distinction was made between them in the records and 
cost data. Therefore they are considered together in other parts of 
this report. 


EXPERIMENT No. 8.—(ORIGINALLY A PART oF EXPERIMENT No. 7.)—GRAVEL Con- 
STRUCTION WITH SURFACE TREATMENT OF RESIDUAL ASPHALTIC PETROLEUM, 


Location, station 85+61 to station 87+61. 
Total length, 200 feet. 
Total area, 355.5 square yards. 


This experiment was similar in all respects to experiment No. 7, 
except as follows: The surface treatment consisted of a single appli- 
cation of hot residual asphaltic petroleum, at the rate of 0.693 gal- 
lon per square yard, with a covering of pea gravel. A thin coat of 
dry sand-clay, of very homogeneous quality was applied over the 
surface treatment without any additional oil, and rolling completed 
the experiment. 


SUMMARY OF COST DATA FOR ENTIRE PROJECT. 


The cost data for the experiments described above are presented 
in Tables 9 to 16. 
4588 °—18—Bull. 586-2 
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TABLE 9.—Cost data for grading and subgrade. 


Clearing Subgrade, 
Items. and ores | Shaping. | Rolling! complete 
gtrubbing (total) 
Acres. — | Cubic yards. Sq. uds. Sq. yds. Sq. yds. 
CRYTENTI It, eee ne Tete SanPMENE n 5.0] 11,38.9) 2,423.9] 15,627.5 15, 627.5 
Ait Gree os Oe ee ee ee ee $189.49 | $4,227.24 | $1,448.62 $34.65 | $5,900.00 
Materials 52: 5 ee ek aoe Se a Se A ee eee ane 211.50 11.50 
Notal COSts4=7. =. Spee ee ee Hee 189. 49 4,227.24 | 1,448.62 46.15 5,911.50 
URGCOSt Ree Se oe eee eee 37.89 =ayfl . 6618 . 003 -38 
1 Includes 7,796.4 square yards shoulders. 2 Coal oil, ete. 


TABLE 10.—Cost data for drainage structures. 


] | | | 

Con- = French) Cobble Con- | Brick |Drainage 
Items. crete | yee sub- sub- pet crete “Copbie cobble pave head system 
eed ‘| drain. | drain. * | gutter. | su walls. | (total). 

Cu. yds.| Lin. ft. | Lin.ft.| Lin.ft.| Lin.ft.| Cu. yds.| Sq.yds.| No. | Lin.ft.| Cu. yds. 
Quantity. .|135.83 | 2323 420 200 100 | 33.96 66 2 |" 4464|> TaeSTa eee 
Gabor. .... $221.55 |$177.57 |$219.79 | $25.62 | $66.28 |$149.00 | $89.48 | $75.16 | $50.15 |$220.08 $1, 294. 68 
Material... ./3150.00 [4292.29 | 71.09 |....----|...----- 3100.00 | 3.12] 5.80 | (®) | 135.60] 724.62 
Total. .| 371.55 | 469.86 | 290.88 | 25.62} 66.28 | 249.00 | 92.60] 80.96 | 50.15 | 355. = 2, 052.58 
Unit cost..| 10.37] 1.45 .69'}> |.128}  -.663:] 7.30 1° 1.40 | 40:48 > ©. 345 | “2p'aie ees 


1 Includes retaining wall of 5.63 cubic yards of concrete. 

2 anoles oe feet of vitrified pipe repaired and relaid, labor on the same $29.12, included above. 

3 Estimate 

4 Of this amount $137.95 was for material bought and not used on Mount Vernon Avenue, and $10.44 for 
separate lengths of vitrified clay pipe. 

®> Furnished by the county. 


TABLE 11.—Cost data for incidentals. 


l I 
Super- | 5 E = Waste B | W.& 
Items. intend-| Equip- | Extra | Guard | }i;,- | Bound | Miscel-| © “p_ | ‘Total. 

| ence, | ment. | work. | railt | jon Skanes, laneous. pass. 
a —_— | aalaceas 
isahor.3 Seek See eee set fees iLO eee eee $172.09 $262.06 |-.....-- $18.53 | 3 $8.00 |$335.64 $1, 086. 42 
Materials ss. oes Soe ss fe ee SS 8.75 | 543.29 /8266. 08 6:56 ko .52 2 ee $24. 68 
Rent and insurance......- "500. 00 |4$670. 00 | Sea eee eee eee eee mere hy Maree ee Ok 1,170.00 
f Wey aS ee | 790.10 | 670.00 | 180.84 | 805.35 | 266.08 | 25.09 8.00 | 335. 64 3,081.10 


1 4,519 linear feet at 17.7 cents each. 


2 Includes 20 barrels left on road, lost by overturned barrels-burned, and material adhering to staves ~ 


(estimated 1 per cent) and used to dip posts. 
3 Storing extra posts. 
4 Includes rent of roller, $30, also depreciation on roller, heating kettles, and small tools. 


TABLE 12.—Cost data for foundation course. 


| | 
Founda- 
-. | Loosening | : : 
Items. ge age and load- | Hauling. | Spreading. ee 
img. (total). 
Tons. Tons Tons. Sq. yds Sq. yds. 
Gunitiby anasto ace cee oo | 5,604.4 5, 604.4 5,604.4] 15, 487.7 15, 487.7 
UT ic Speen an ose eee See eee $528.58 | $1,453.30] $470.84 $2,500. 46 
Materials -socs2 Sec cee eee $324.10 AS Oil -n2e2 sree ele eee 384.59 
pie ee AE REE. Rees 
Total Hose sho. sees | 324.10 573.58 1, 453.30 470.84 2 2, 885. 05 
Cost per square yard-...- . 0209 . 0370 . 0938 - 0304 . 00408 - 1863 
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TaBLE 13.—Cost data for surfacing. 


f : Applica- 
Stone on | Spreading | Bitumen Pp ; Surface 
Item. work. stone. on work. Rien Rolling. | complete. 
Tons. Tons. Gals. Sq. yds. Sq. yds. Sq. yds. 
HOTTIE aoe ee ae ee heen 2,177.39 2,177.39 | 31,197.17 15, 287.7 15, 287.7 15, 287.7 
alors: Sees eters ess. ts $1, 065. 10 $215. 81 $100. 74 Bk $259. 13 $47.57 $1, 688. 35 
Wetton sien ea ees DE Sdon OFF |S sc Acins:ss% oe DOA Se Miles creas crete Scie 18.11 5, 394. 95 
NOE [SS SS) a ag 3, 898. 77 215. 81 2,643. 91 259. 13 65. 68 7,083. 30 
Winiticosti'- = Sse: 224855 $1. 790 $0. 099 $0. 0847 $0. 017 $0. 0043 $0. 463 
TABLE 14.—Total costs. 
: Unit Per cent 
Item. Quantity. Cost. cect Actors 
Sq. yds. 
SPREE Tec a a ee A ae 15,627.5 | $5,911.50 $0. 38 28.1 
DIRT Ee She tesla COIS Eis ars eta asa ns AES ee es ae Se Re Ap car PVE b als) || Sara Cena 9.3 
ELE TOT ES eS a ep ee re 15, 487.6 2, 885.05 .19 1B 7/ 
SISA CUTTE 12 Ue 3 SMe ee tittio Menai Li agen mee | 15,287.7 | 7,083.30 .46 33.7 
SECC CE RS eS a a et eS eye oe 3, OSl 1 OMe one 14.7 
ERO FEE Ea a de 2 En IS) Are 1 ai as eg A OP | ee IAB E ES hase Bees 100 
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TABLE 16.—Total costs. 


Stone on | Unload- | Hauling | Spread- | Chips on} Unload- | Hauling | Spread- 


Experiment No. |‘siqing. ling stone.| stone. ling stone.| siding. ling chips.| chips. ling chips. 


| ———————___ | OE ____ | | | | ee 


Le heise cies eakes $453.92 | _ $75.25 $31. 94 $25.96 | $115.61 $20. 75 $8. 81 $11.92 
DOO a ree ae en ieee ee 513.75 85.18 72.36 29. 39 130. 85 23.48 19.95 13. 50 
Sea Se ce ere 529. 00 87.72 111.78 30. 26 134. 74 24.18 30. 81 13. 90 
dy Vs Sey, eee 510. 93 84.72 131.15 29. 23 130. 14 23.35 36.16 13. 42 
La rs os ele ela a 104. 36 3.70 33.45 6.18 14.37 3.00 15. 20 3. 10 
OSE ek Ree Rae Bis 104. 36 3.70 33.45 6. 68 28.77 1.65 8. 62 2.60 
ANS. eh Sao S hee 36.77 24. 30 52. 94 27.43 1 26.10 16.00 111.50 12,24 
ANU becaoeose cel] AEP EB SUS 364. 57 467.07 155.13 580. 58 102.41 131.05 60. 68 
1 Add sand. 
Rolling 
Bitumen . Loading | Apply- 
. Hauling ; 
Experiment No. on : and _ ing P Alp _| Total. 
siding. |Pitumen.| heating. | bitumen. eee Frenette 
stone. | seal coat. 

Dee enc oc cs ciaivieisisclee siseciceigne $502. 58 $18.79 $18.90 $29. 45 $9. 24 $2.54 | $1,325.66 
7 oe Ate ROR CSOT IEEE ee 585. 96 21.25 21.36 33.31 10. 46 2.88 | 1,563.68 
Dee iate ciate tee CE mel teenth ce 521. 44 21.89 22.01 34. 28 10.76 2.97 | 1,575.74 
IE ORR e COR oe eee en 530.05 21.14 21.25 33.10 10.40 2.86 | 1,577.90 
LS ee SE COE ae eae 148.34 5.87 5.91 9.20 4.20 54 357.42 
Spore palee Siercisioge Giereya a eevee ice ate S 167.07 5.93 5.96 9.29 4.20 66 382.94 
HATO S Eee mnceeiene mies ce ceees 87.73 5.87 5.91 9. 20 2.72 1.25 299.96 
LOCA Res. eae ae cee 2,543.17 100.74 101.30 157.83 51.98 13.70 | 7,083.30 


Prices or LABOR AND MATERIALS. 


The above cost data are based upon the following unit costs for 
labor and materials (f. o. b. nearest siding): 


Common labor, per day, $1.50 to $1.75. Residual asphaltic petroleum, per gallon, 


Skilled labor, per day, $1.75 to $2.25. $0.097. 
Teams, per day, $4.00 to $4.50. Oil asphalt exp. No. 6, per gallon, $0.085. 
Foreman, per day, $2.25 to $4.00. Cement, per barrel, $1.65. 
Carpenters, per day, $2.50 to $5.00. Washed gravel (concrete), per ton, $0.75. 
Roller man, per month, $65.00 to $70.00. | Sand, per ton, $0.55. 
Superintendent, per month, $125.00. Lumber, per M, $25.00. 
Trap rock, f. o. b. siding: Reinforcing steel, per pound, $0.03. 
14 inch, per ton, $1.40. Coal, per ton, delivered, $4.00 to $5.00. 
Chips, per ton, $1.65. Cast iron pipe, 16-inch, per foot, $1.35. 
Gravel, pit-run, per ton, $0.067. Corrugated metal pipe: 
Gravel, pea, per cubic yard, $1.50. 15-inch, per foot, $0.67. 
Tar, per gallon, $0.0805. 18-inch, per foot, $0. 783. 
Oil asphalt exp. Nos. 2 and 4, per gallon, 
$0.0825. 


Additional items of depreciation, repair, interest and rental on 
equipment, ete.: 


Penetration equipment, $300. 00. Bond, insurance, superintendence, trans- 
Roller, $250. 00. portation and travel, general office, 
Wagons, $50. 00. $790. 00. 

Plows, small tools, $70.00. 
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TABLE 17.— Volume and character of traffic on Russell Road. 


[This table gives the results of traffic counts taken before and after improvement of the road. 


Average after improvement.2 
Average before im- 
provement.} 


Maximum. Average. 


North- South- North- South- North- South- 
bound. | bound. | bound. | bound. | bound. | bound. 


1 | Loaded 1-horse wagon.....--....---- 8 9 1 2 Re eee if 
2 | Unloaded 1-horse wagon........-..-- 1 0 3 2 1 1 
3 |-Loaded 2-horse wagon........-.:--.- 3 4 1 Di3| ena eee een 
4 | Unloaded 2-horse wagon....---...--. 1 1 3 iB 3] a Se eos | ae a 
5 | Loaded 4-horse wagon............--- 0 0 0 To eke es Seer 
6 | Unloaded 4-horse wagon.....--...--- 1 0 8 8 1 1 
7 | One-horse pleasure vehicle... -.-..-.- 10 10 2 al Scayeliae ons | Reem ree meres 
8 | Two-horse pleasure vehicle. ......--. 2 2 1 I Seccin a eee eee eee 
9 | Rubber-tired horse vehicle........--.. 0 0 1 Lecce ess |e eee 
10)}-Saddlethorses-222225- = 22-2 seen e- Jt 2 0 96 1 1 Uh | Rania ah 
ites Motor cy.clesso 5 3225 et os cnet 6 6 8 8 1 3 
12 | Excessively heavy vehicle.........-.. 0 al EES ee en sae seenAalb A oascm ral loascacods 
13a eMotomTnunabouteeo-s--- 2-2 sss— eee 0 0 72 75 11 10 
145) MOtOrivOuUring| Cars. eenee eee see 55 52 271 266 107 107 
15ueWoaded motonatavies asses ne oe 2 2 2 6 2 
16 | Unloaded motor dray........--...--- 1 1 6 7 2 2 
1 Average of seven days in June, 1915. 2 August 3 to December 24, 1916. © 


SUMMARY OF EXPERIMENTS ON THE RUSSELL ROAD. 


The following report describes the condition of the experiments 
when inspected on January 11, 1917. 


EXPERIMENT No. 1.—Bituminous MacapAM, REFINED WATER-GAS TAR. 


The surface of this experiment is true and regular, but has a very 
rough appearance, due to the wearing away of the seal coat. It 
has raveled slightly in a few places, but is in excellent condition for 
the application of another seal coat and should have it at the earliest 
possible date. 


EXPERIMENT No. 2.—Bituminous MacapamM, REFINED WATER-GAS TaR, Om 
ASPHALT SEAL COAT. 


This is in practically perfect condition and shows no tendency to 


ravel or disintegrate. The surface is much smoother than that of | 


No. 1, and offers an interesting comparison between the relative 
wear of tar and asphalt for a seal coat material. 


EXPERIMENT No. 3.—BitumiInous MacapDAM, REFINED Coat Tar. 


The general appearance of this surface is between that of experi- 
ments Nos. 1 and 2. It shows some tendency to ravel and needs a 
medium heavy seal coat. : 


EXPERIMENT No. 4.—Briruminous MacapaM, REFINED CoAL-TAR, Or ASPHALT 
SEAL Coat. 


This surface appeared to be intact and satisfactory in every : 


respect at the time of inspection, and was appreciably smoother than 
that of No. 3. 
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EXPERIMENT No. 5.—BiruMINOUS GRAVEL MacapAm, REFINED WATER-GAS TAR. 
EXPERIMENT No. 6.—BituMINoUS GRAVEL MacapDAM, Or1L-ASPHALT. 


There is practically no difference between the two sections at this 
time, nor is there any evidence of the point where the use of grout 
was discontinued after a short section had been laid. The surfaces 
are in excellent condition and show the aggregate throughout, but 
there is no raveling or displacement. 


EXPERIMENT No. 7.—GRAVEL, SURFACE TREATED WITH RESIDUAL ASPHALTIC 
PETROLEUM. 


This experiment had a double application. It is rather badly 
waved from the edges to the quarter points and shows a tendency to 
form broad, shallow depressions in the wheel tracks. The mat, 
however, is practically intact and uniform, and except for the wavi- 
ness along the sides, may be considered in satisfactory condition. 


EXPERIMENT No. 8.—GRAVEL, SURFACE TREATED WITH ReEstipDUAL ASPHALTIC 
PETROLEUM. 


This experiment had only one application. It has a few waves, 
and inequalities of application have left long lean streaks in the 
surface. At one point slight raveling has started along one of these 
streaks and the mat is irregular, and, where lean, shows a marked 
tendency to crumble. 

Such expenses as have been incurred for the maintenance of this 
road will be carried forward and reported in the next progress report. 


EXPERIMENTS ON THE ALEXANDRIA-ACCOTINK ROAD, FAIRFAX 
COUNTY, VA. 


BITUMINOUS GRAVEL CONCRETE AND EARTH OIL-ASPHALT. 


This experimental project is located on the Alexandria-Accotink 
Road, in Fairfax County, Va. It begins at the south end of Hunting 
Creek Bridge, the corporate limits of the city of Alexandria, and 
runs in a southerly direction to Gum Spring. The road was im- 
proved originally during 1914-15 under the post-road act of August, 
1912. It was surfaced to a width of 14 feet with gravel, the com- 
pacted depth of which was 7 inches. The maximum grade was 7 
per cent. 

The old gravel road was reshaped, given a crown of one-fourth 
inch to 1 foot, and covered with an experimental surfacing. The 
total length of the road was 25,100 feet. The width surfaced was 
14 feet, except at some sharp curves and road intersections, where it 
was widened. Gravel shoulders were constructed on either side of 
the finished surface. These were made 4 feet wide in fills and 3 
feet in cuts. The thickness of gravel at the edge of the surface was 
4 inches. | 
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In addition to the surfacing and shoulders some extra work was 
done. Guardrail was built from station 57+50 to station 62 +00, 
station 198+00 to station 204+00, and station 248+00 to station 
250+00. Several pipe culverts were lengthened and new headwalls 
built. A new 4 by 4 by 33 foot concrete box culvert was built at 
station 133 +55. 


BITUMINOUS GRAVEL CONCRETE. 


Location, station 0-+-00 to station 217++00. 
station 223-+-00 to station 250+80. 

Total length, 24,500 feet. 

Total area, 38,442.6 square yards. 

The materials for this experiment were: 

Asphalt.—Oi asphalt; see typical analysis in Table 18. 

Aggregate.—Crushed and screened gravel from the Ayers pit. Fine 
ageregate passing }-Inch circular openings, coarse aggregate passing 

14-mch and retained on }-mch circular openings. Fine aggregate 
contained less than 5 per cent of clay. 

Limestone dust.—Ordinary ground limestone used as filler. 

Pea gravel.—Washed Potomac River gravel, screened through 
4-inch and over }-inch screen: Used as top-dressing for seal coat. 

The mixing plant was of the stationary type, operated by steam 
power. The gravel was excavated by hand, run through a jaw 
crusher, and screened to remove tailings before it was heated. The 
heating was done in two rotary drums, wood being used as fuel. 
The fine and coarse aggregates then were separated by means of a 
1-inch screen and stored in two bins immediately over the mixer. 
The asphalt was heated in two kettles supplied with steam coils, and 
the mixing was done in an ordinary twin pug mixer. The average 
time for mixing a batch was 1 minute. Table 19 shows analyses of 
several samples of mix taken at the plant. Table 20 shows similar 
analyses of road samples of mix. 

Most of the hauling was done with 1-ton autotrucks, which carried 
three batches of the hot mix ata load. On the longest haul distances 
several two-horse wagons carrying four batches to a load were used 
to supplement the trucks. 


The hot mix was dumped from the trucks or wagons onto a steel _ | 


dumping board and spread with hand shovels and asphalt rakes. 
Then it was “set” by rolling with a 24-ton tandem roller and com- 
pacted to its final shape with an 8-ton tandem roller. The loose 
depth of the hot mix averaged about 2? inches, and the compacted 
depth was not less than 2 inches. The temperature at which the 
material was spread ranged from 200° to 300° F. 

The seal coat was of the same asphalt used in the mix, covered 
with pea gravel. The asphalt was spread at a temperature of about 
350° F., about one-third gallon per square yard being used. The 
pea gravel was spread at the rate of about 1 cubic yard to 150 square 
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yards of surface. After the gravel was spread the surface was rolled 
with the 8-ton tandem roller. 


EartH-O1n ASPHALT EXPERIMENT. 
Location, station 217-++00 to station 223-+00. 
Total length, 600 feet. 
Total area, 934.8 square yards. 

The experiment was based upon laboratory investigations which in 
May resulted in the construction of a 50-foot section of earth-asphalt 
on the Arlington Farm of the Department of Agriculture. The 
section selected was a part of an earth road, the soil of which was 
largely fine clay. About 2 inches of this material was removed from 
the surface and the section was brought to a uniform grade and cross- 
section and rolled with a 2-ton tandem roller. The excavated mate- 
rial was hauled to a local paving plant, mixed with water and hot 
oil asphalt to form a mixture of proper consistency, which was 
deposited in a layer about 3 inches thick on the earth subgrade above 
described. The mixture in this case was too stiff to be handled 
satisfactorily with rakes and too soft to be rolled. It was shaped 
in the best manner possible with shovel backs and allowed to dry 
out. The surface hardened rapidly, with the formation of numerous 
contraction cracks. These were filled with a thin grout of the same 
mixture used in the surface, and the section was opened to traffic. 
It remained in excellent condition throughout the summer and 
autumn, although the contiguous earth road was almost impassable 
at times in wet weather. At about the time freezing weather set in 
traffic was cut off the section in order to make some drain connec- 
tions. It soon was observed that the soil-asphalt surface began to 
crack, owing probably to the effect of frost action on the underlying 
subgrade, and in a short time complete disintegration extended from 
the sides toward the center. 

The materials used in the longer experiment about to be described 
were a very homogeneous clay soil, asphalt, and water. The prop- 
erties of the soil and asphalt are shown in Tables 21 and 18, respec- 
tively. 

The mixing was done at the same plant used for mixing the bitu- 
minous gravel concrete, but in an entirely different manner. The 
soil was measured first into the mixer just as it came from the bank. 
Water was admixed to form a rather sloppy mud, after which the 
hot asphalt was added and the mixing was continued until a uniform 
gray color was produced. The temperature of the asphalt was about 
250° F., but the temperature of the fresh mixture was only slightly 
higher than that of the air. The proportions of the mixture were 
such that each batch contained approximately 560 pounds of earth, 
100 pounds of asphalt, and 25 to 30 gallons of water. Results of 
analyses of the mixture show an actual percentage of asphalt of 14.68. 

4588°—18—Bull. 586-3 


=. - sd 


18 BULLETIN 586, U. S. DEPARTMENT OF AGRICULTURE. 


TABLE 18.—Analyses of asphalis. 


Spare Hey Sy eT OLS ee ee Se 59 525 )32 8 se goes 
HEINE POING CO = at se oa oa Sak Seem aise Se ns Sees eee Soe See ees See ee eee eee 
Penetration at 25°C], 100wranis) 5 See 2525.2 3 5. cok ERR SOS ees ee 
TOSSNo HOUTS, 165° G-5 20 STAMS.< S55 52 Soe see sows ce ewe eos eseee per cent-. 
Penetration OITeEsiGHESAS abGVe. 2 S42 E ECU ROME Sos ets: ek. peers ah es e8 
Per cent of total bitumen insoluble in 86° B naphtha.............--------2-.---- 
iBExXed arhONS.o Lee. SPesee si eh eee es eee eee 5 eee per cent. . 
SolablesniGs,; (fotal bitiamen): 222-8 teak eo: 42h). ees en. SE Sess do...: 
Orranicumatter, msolubles.< 23s s 2326. esses sass cock poet sn 5 se cee eee dozee- 
Tnorganic matter, RASOHUDID 55S FSS i SS ese. Pee ee ee tlited 3 


TABLE 19.—Tests of bituminous concrete (plant samples). 


Sample Sample 

having having Average 
maximum } minimum of et 
3 : coarse coarse samples. 
bitumen. | bitumen. aggregate. | aggregate. 


Sample Sample 
having having 


ee ee Se 


Per cent. Per cent. Per cent. Per cent. Per ce 
BS IGINIETY ree ee Se i So ee ee 8. é g 7 


é 

5 5.2 6. 

Aggregateretained on 4-inch screen......-- 48.4 59.0 68.3 34.1 54, 
Passing 4 inch screen and retained on 200- 

PROSHSIOVO!: 25-2 abe sos sae idee sect eesee 38.5 34.3 23.3 55. 2 35. 

Passing 200-mesh Sieve......-..-..--------- 4.6 1.5 3.0 3.7 3. 

MOLal eke eee 6 oe oo ee yas. 100. 0 100.0 100.0 100.0 100.0 
TABLE 20.— Tests of bituminous concrete (road samples) 


Noo OTK 


Sample Sample 
bowing | nave, | etiam mean | “oP 
pape See SELES coarse | samples. 
: * | aggregate. | aggregate. 


| 


Sample Sample 


Per cent. Per cent. Per cent. Per cent. Per cent. 
PS IUINON eee ne ee eae nioe chaos oslese ee 8.8 4.0 i: 8.5 6.4 
2.9 62. 8 66. 8 
8 
5 


i 


54.5 
36.1 
3.0 


100.0 


Aggregateretained on +inch screen......-- 5 
Passing +-inch screen and retained on 200- 

meshsieve! $b. anise - = Ss send 222 GS: aes 35. 31. 3 25.7 

i : if 2.4 


2 
Para eee. eA ea es 100.0 | 100.0 100.0 


TABLE ale analysis of earth. 
Per cent, 


Passing }-inch screen, retained on 10-mesh sieve...............-------------- 0.4 
Passing 10-mesh sieve, retained on 20-mesh sieve.........--.---------------- 
Passing 20-mesh sieve, retained on 30-mesh sieve........---.---------------- 
Passing 30-mesh sieve, retained on 40-mesh sieve........-.-..--------------- 
Passing 40-mesh sieve, retained on 50-mesh sieve..........-.---------------- 
Passing 50-mesh sieve, retained on 80-mesh sieve.........------------------- 
Passing 80-mesh sieve, retained on 100-mesh sleve..-...--...---.------------ 
Passing 100-mesh sieve, retained on 200-mesh sieve......-....--.------------ 
Passing 200-mesh sieve....-..-.-.-...--- OF. Sos. SEE. eee 


fo A PO YR Oo 69 BD 
SANHDNOSDOCS 


~I 


: 
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SUMMARY OF COST DATA. 


The cost data for the experiments described above are presented 
in Tables 22 to 24. 


TABLE 22.—Quantities and costs of materials. 


Unit cost. 
Quantity in Kind of Quantity of Total Re- 
wea work unit. material. material. Mate: Work | Cost. | marks. 
ria : 
unit. unit. 
Cents. 
Foundation re- | 39,377.4 square | Gravel (run-of-| 150 cubic] $0.05] 0.019| $7.50| Esti - 
pairs. yards. pit). yards. mated. 
Shoulders......-| 50,160 linear:feet.}..-... Gove eee aee 2,500 pe ubic -05 320), |) 125.00 Do. 
yards. 
~ “A Gravels-es-scee: 3,500 @ ubiec -10 -91 | 350.00 Do. 
urface itu- yards. 
minousgravel | 95,4#2.6 square |) a sphalt......... 380.66 tons....| 15.00 | 14.59 [5,609.90 | Asbilled. 
concrete. WES Limestone dust .| 98 tons........ 6.00] 1.53 | 588.00] Do. 
Pea gravel for | 365 tons......-. 1.50} 1.42 | 547.50 Do. 
seal coat. 
Surface, earth | 934.8 square |fEarth .......... 85 cubic yards. .10 -90 8: 50 Do. 
oil-asphalt. yards. Asphaltteeeceece 14.35 tons... -- 15.00 | 23.02 | 215.25 Do. 
Xtra OPK rertaleeeeise ciesene te cece AT THAT Cr IaIS 2. Ate eee ie kl Rey oa il ee RG Nee GoLace 
TABLE 23.—Labor cost. 
“ : Labor 
Item. Quantity. Operation. costs! 
: SAU oe ere eee $1, 758. 46 
WoundsWom-cccccs cece ase: 39,377.4 square yards...... Spring sa sere eee 175. 50 
Rolling we seen CUA aye 310.31 
2,244.27 
nee asphalt. eee ee 547.75 
mea ETS ON OREN EEG 5, 826. 62 
rae ; Haulin au were reece eee 2,553. 06 
ituminous gravel con- etting headers........... 546. 94 
crete surface. \38,442.6 square yards...... Spreading mix...........- 1,394. 37 
PVOMIn gee es seers ont Se 295. 81 
CALI Pine cena aera eee 506. 50 
Hauling pea gravel........ 299. 26 
11,970.31 
Mixing a rota hey ick eres ae ee 231.75 
or coh bina Ye Seep te se ara eo 105. 25 
Earth oil-asphalt surface....| 934.8 square yards......... Setting headers........... 9.00 
Spreadings. Sees ewernces 83. 56 
429. 56 
Teoserung and loading....| 888.84 
P Alin geen eerie 1,310. 06 
Gravelshoulders..........- 50,160 linear feet..........- Boe gee Sap ape ere | 953. 15 
EVOULITT ote aes anes ra 16.00 


3, 168.05 
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TABLE 24.—Summary of material and labor costs. 


Item. Quantity in working unit. | Total cost. 
Foundation 
IM AGY Re) EN Os Sets anaes see ee Ae a en, Sc 39,377.4 square yards........ $7. 
DOR 22 ee A ee so ee ot eos ee es | ee ee ee ee 2,244. 28 
AMIE’ Die ae ede tire Sane a Pape SONGS Oe eat ea ae eg nee LOR Ge NC eee SEE Ee ee Ne uasacease 
Shoulders: 
Material =< Yoo s2 Sceeee oeocwiase ee eects soe teee 50,160 linear feet...........-- 125.00 
ETA TD OTS ae aa he CER ene Stas Wee A UE ps Arar) aE ee ne ee 3, 168.05 
VOCAL 2 Sock ese ces SS eee ee re ees a eer eee 
Surface: 
Bituminous concrete material................- 38,442.6 square yards.......- 7,095. 40 
TOY Oey PAS Se GE OL he se eee Se Oey ee Ras A oy eel Deore ehh Ae ibe oo sek a a 11, 970.31 
TOGA nse fee Be See Soe crawl eee ee ee a eee oe SERRE eo oe ee eee 
Surfac 
Barth Di-asphalt winterials} - se ses eee ee 934:8 square yards.....-..... 223.75 
ee Se cis mete rain ieee a oA eS eee Cole veces acess poeeee het ose eeeae 429. 56 
Aa) eT Ea ee eee ers cy SS te Eee Sere ana Peet at hs roms Une soe See Sa56cs5 
Incidental oxpense cose = LAE «then REE OE] Leas oes Se eee 7,000. 00 | mre Lash i 
LORS RED WO)? S555 oe soe 5 5 Sos5S 58 see sss 55 55 Eas uesas6 sSsoesss ysssesses5- 15230-1010) ce- neeree 
TEFEN IPSS Re IE a ORR Beet MW GND WN oc ss 33, 493.95 | 


The above cost data are based on the following unit prices of 
labor: 


HGreEMeNE ea casctcs abe co ieee eee per day of 8 hours. . $4. 00 
Rollermen and skilled laborers............--.-.------ dos =: 4.00 
WPADOLCIS et schoo eee eh Se ew on eee per day.-. 1. 60-2. 40 
MP ATCR SS ce oo oie co oss SECO Sie ine ee Ne per hour. . 1.00 
icatied mea ee eee iar cca come en ek: sce cls > oe ee eee per day.. 4.50 


SUMMARY OF EXPERIMENTS ON ALEXANDRIA-ACCOTINK ROAD. 

The following describes the condition of the above experiments 
when inspected on January 11, 1917. 

EXPERIMENT No. 1.—BituMInovus GRAVEL CONCRETE. 

The surface of this experiment is practically in perfect condition. 
Difficulty has been found already with the rutting of the right-hand 
shoulder going down steep grades, but at the time of inspection there 
was no indication that the edge of the surfacing had begun to shear. 

EXPERIMENT No. 2.—EartTH Om ASPHALT. 

This section never had an opportunity to dry out thoroughly, since 

freezing weather came on the day following its completion. During 


thaws it was kept in shape for some time with a road grader and small - 


tandem roller, but at the time of inspection was rather badly rutted 
and broken through to the gravel foundation in two places. 
EXPERIMENTS ON THE GUM SPRING-MOUNT VERNON ROAD, FAIRFAX 
COUNTY, VA. 
BITUMINOUS SURFACE TREATMENT ON A NEW GRAVEL ROAD. 
The Mount Vernon Road extends from Gum Spring, in a southerly 
direction, 2.05 miles to the Mount Vernon estate, and is wholly in 


DUST PREVENTION AND ROAD PRESERVATION, 1916. 21 


Fairfax County. This road had been reconstructed and surfaced 
with gravel only a few months before the experimental surface treat- 
ment was undertaken. The Laer ae features of the road may be 
described briefly as follows: 


GIAWIGUMORTOACS Sc cok o cca east ak ass cea Ge ed cieis Gewese sieges 24 feet. 
Roauwiathnrohoeravel suriaces. 5.22.5 5524 0h. 25 dase yess ne ancl ae 16 feet. ' 
Compacted depth of gravel (2 courses having respective depths of 

SANG OMNCHES) se esseeiAdet acid ettates eee s eral Rape daly 3 cet 8 inches. 
Crown: of roads 3... 24652... es RE Rie BRON Le ii. bai oat arp been 4 inch to 1 foot. 
RVieeSAL MNT TAT WRAL Ce ie Ace Ed ie Late, a! 5 can, abu ape er a nye tpoy sa lays a)= alle te’ ap Aieravadavel age 5 per cent. 
MPA AME CONCUTOUS sc Sere css koe eee ig eure a dishe lain: eh ae eae Favorable. 


Gravel for use in the original construction was obtained from the 
county pit, located about 500 feet south of station 0+00 at Gum 
Spring, and the Walker pit, located about 100 feet east of station 
92+50. The gravel from the county pit was used from station 
0+00 to station 48+00, while that from the Walker pit was used 
from station 48+00 to the south end of the road. The mechanical 
analysis for the material from each pit is shown in Tables 25 and 26. 


TaBLE 25.— Mechanical analysis of sand-clay gravel from Walker pit, Fairfax County, Va. 


Per cent | Per cent 


Per cent 
Totals retained. Passing— Retained on— of or egarse of fine 
sample. | ®88T- | agere- 
gate. gate. 
Per cent. 

3-inch screen.........--.-- 6.5 || 1-inch screen....] 32-inch screen.... 6.5 OO te ll [cetera 
Linch SCICONES ase soaece 15.9 || ?-inch screen....] 34-inch screen.... 9.4 PO (Eee ee Da 
Linch Seneelive jeanne ama 30.4 i-inch screen....| 4-inch screen.... 14.5 CNP fea fall His ga ok eter 
10-mesh sieve SpUte a Dy St 40.6 ianch screen....| 10-mesh sieve.... 1 CDRA aa ys ath aa ee) 
20-mesh sieve......-.----- 45.5 10-mesh sieve....| 20-mesh sieve.... AO enue 7.0 
30-mesh sieve.........--..- 59.2 || 20-mesh sieve....| 30-mesh sieve.... ig Ieee 19.7 
40-mesh sieve.........--.- 77.2 ||.30-mesh sieve....| 40-mesh sieve.... 1 SBOP eee eaten 25.9 
50-mesh sieve......--.---- 85.3 || 40-mesh sieve....| 50-mesh sieve.... SoG ia he A 11.6 
80-mesh sieve.........-.-. 88.4 || 50-mesh sieve....| 80-mesh sieve.... po Teal es 4.5 
100-mesh sieve..........-- 88.9 || 80-mesh sieve....| 100-mesh sieve .. Bp) aes aa a we 
200-mesh sieve..........-- 89.6 || 100-mesh sieve ..} 200-mesh sieve .. FAY fin eae 1.0 
2O00-MESHISIOVEN ala acscle cine sem aa ent TORS Weeks se eee 14.9 
100.0 100.0 100.0 


TABLE 26.— Mechanical analysis of sand-clay gravel from county pit. 


Per cent | Per cent 
Per cent 
Totals retained. Passing— Retained on— of of coarse | of fine 


agegre- aggre- 
sample. gate. gate. 
Per cent. 

J-inch sereen........:-.... 4.8 || 14-inch screen...) 1-inch screen.... 4.8 Sa Ou Ae or eo 
$-inch screen............-. 15.6 || 1-inch screen....| 3-inch screen.... 10.8 1G. Shawl Ce ws 
+inch Screen ceec 3205s 34.6 || 23-inch screen....| 4-inch screen. ... 19.0 S45 On ee 
4-Inch sereenic e222... 55.9 || 4-inch screen....| 4-inch screen.... 21.3 Shera ltl ss amore 
10-mesh sieve............. 69.9 || 4-inch screen....| 10-mesh sieve.... TAO} ere tonya Sle 
20-meshiSIGVC:\: sacl te se 74.5 || 10-mesh sieve....| 20-mesh sieve.... AEG jee eae 10. 4 
30-mesh Sieve...........-. 80.3 || 20-mesh sieve....| 30-mesh sieve.... tte hll Hei obec 13.2 
40-mesh sieve............. 86.5 || 30-mesh sieve....| 40-mesh sieve.... Gi Zp | Ree cea 14.1 
50-mesh sieve...........-. 88.6 || 40-mesh sieve....| 50-mesh Sieve.... PE Le a de 4.8 
80-mesh sleve...........-. 91.1 || 50-mesh sieve....| 80-mesh sieve... DIS) AAS are et eet 5.7 
100-mesh sieve............ 92.0 || 80-mesh sieve....| 100-mesh sieve . SEN eh See 2.0 
200-mesh sieve........-... 93.7 || 100-mesh sieve . 200-mesh sieve . Sh eee ee sae 2.9 
200-mesh' SiGVe\ Ee. ea Lf (ies area de iS, P- 
100.0 100.0 100.0 
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The traffic over this road varies considerably from season to 
season and has not yet been studied in detail. It consists for the 
most part of tourist automobiles going to and from Mount Vernon, 
which accounts for the extreme variability. It is planned to make 
periodic counts of the traffic, and to publish the results in future 
progress reports. : 

The purpose of the experiments was to gain information regarding 
the results to be obtained by using certain bituminous materials in 
the surface treatment of gravel roads. Three different materials 
were used, and the road was divided into three sections, according 
to the kind of bituminous material in the surface. Section 1 extends 
from station 0+00 to station 23 +55; section 2 from station 23 +55 
to station 85+45, and section 3 from station 85+45 to station 
109+00. Before taking up the description of the experiments sepa- 
rately, the data common to all three will be stated briefly. — 

The work was done by contract between November 3 and Decem- 
ber 5, 1916, during which time there were only 15 weather working 
days. The contract prices are given in the latter part of this report. 

In all of the experiments the road first was swept clean with a 
horse-drawn rotary broom, followed by men with push brooms. 
The bituminous material was applied under pressure of about 15 
pounds per square inch by means of a motor truck distributor of a 
capacity of 1,200 gallons. The spray line of the distributor was 
8 feet long and covered one-half the width of the road at a trip. 

The top-dressing for all of the surface treatments was obtained 
from the Walker gravel pit and consisted of pit-run gravel from 
which the coarser particles had been screened out. The screening 
was done by hand, and the screen used had approximately 1-inch 
opening and was inclined at an angle of about 45°. As shown by the 
mechanical analysis of this material, given in Table 25, comparatively 
few particles passed the screen that would not pass a 43-inch mesh 
laboratory screen. The gravel top-dressing was hauled out in a 
5-ton automobile truck and distributed in piles about 30 feet apart 
along the road. The spreading was done by hand. 


EXPERIMENT No. 1.—SurFacE TREATMENT WITH COAL-TAR PREPARATION, APPLIED 
CoLp. 


Location, station 0+00 to station 23+-55. 
Total length, 2,355 feet. 
Total area, 4,187 square yards. 

The tar used in this experiment was hauled from Washington 
in the auto distributor, and applied at the average rate of 0.49 
gallon per square yard. Table 27 shows the analysis of the tar. The 
temperature of the material at the time it was applied was about 
150° F. 
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TABLE 27.—Analysis of coal-tar preparation ! used on experiment No. 1 and for first 
application on experiment No. 3. 


Sey Pore Ma nt 749 ay 4 ta Oe R10 aS oO nS eS 1. 145 
ppceiae wuscosity semoler. 400 'Cs, 50\c: Cos... u. Sele re see Sot old Alpe aye 14.4 
JEeaye OETA S Tore 7e Cee] 070) Or i ge Ray He PEND a Se ad A ARR OPA 6. 24 
Distillation: 
Per cent Per cent 
by volume. by weight. 
URIL GRE cea et rr AN Pu te el rear Bee ee 0.0 0.0 
sw sii lin Ela s ovil GUO) ( Oe) Ae aoe pine patina LAA Riu Kae Acuna 0. 4 0.3 
second lichtoils\/(@10-170° C.) 2 25.22 ee. ee 8: vale as ahey 1.0 
ea mmOls(lsOr—2 1000: )ite- se los peel de emo es a siem ae sens 24.6 7h ai 
PioaMaORsitaOn-GU0 > Os)a- Je c5sscune vac eeaee ole Naas 9,2 8.0 
LES TPSIP Pe@SHCG TE) ARE re A SHON ORIN NPE 9: 64.1 69. 6 
LTTE HLS a 0 ee RS I ena CMR Rt PU MeN 100. 0 100. 0 


It had been planned to allow the tar to stand for several hours 
after it had been applied to the road before covering it with the 
gravel top-dressing, but the tendency of the material to run off the 
road was so great that it was found necessary to cover it immediately 
after the distributor had finished applications. The gravel was 
spread at a fairly uniform rate of 1 cubic yard to 78 square yards of 
surface. 

~The only noticeable lack of uniformity in the workmanship on this 
experiment is where the cut-off valve of the distributor failed to 
work properly on a return trip, with the result that a double appli- 
cation of tar was made on the west half of the road from station 13 +50 
to station 15+00. It also was necessary, of course, to increase the 
amount of gravel top-dressing on this part of the experiment. 


EXPERIMENT No. 2.—SuRFACE TREATMENT WITH ASPHALTIC OIL, APPLIED Hot, AND 
CLAY GRAVEL. 


Location, station 23+-55 to 85-+45. 
Total oon 6,140 feet. 

(Equality station decreases length of section 50 feet. ) 
Total area, 10,915 square yards. 


The bituminous material used in this experiment was shipped to 
Alexandria in tank cars. At the Alexandria siding the oil was 
heated and pumped into the auto distributor, in which it was hauled 
7 miles to the road. The material was heated to a temperature of 
about 200° F. and there was no appreciable loss of temperature dur- 
ing the haul. The analysis of the oil is shown in Table 28. 


1 Fairly thin fluid. 


24 BULLETIN 586, U. S. DEPARTMENT OF AGRICULTURE. 


TaBLE 28.—Analysis of residual asphaltic petroleum + used on experiment No. 2. 


Specie gravity, 2o°/a0° (Oo s 227 See OS aa ne 0. 995 
Specific vascosity; Hnpler, 100° C50 fei te s e  eeeee iy Ss 
Float teat; 50°: G>(secondss) 2220.22 ithe ot Bie eee 36 
Loss[t63° €.> oS hours, 20:orams; (per cent): 65: fer tee ea ee eee 13. 56 
Bloat test on residue, 50° ©. (seconds). 2.22. 2-22 deen ac cc ee ale eee 232 
Per cent of total bitumen insoluble in 86° B naphtha..................2.... 20. 12 
Bixed carbo Gper Gent)i2c 22 LS ee a VR ee ee eee 10. 79 
nolible in-CS, (total bitumen sper cent): - 2. 2.02255 ce ee 99. 87 
Qreanie matiecr msoluble (Ger cent). .--.....-. 2-262 -2-a2eene ee oe ee as 3 § 
dnorsanice matter msoluble (per cent)...02. 22.5. 2Yl Sl eis eee ee . 02 
Wotal.® 20 . 322 csssecsae es case Hodes sso ees e550 ees eee 100. 00 


The first tank car of oil delivered at Alexandria was found to be 
low in viscosity and was rejected as not conforming to the specifica- 
tion. This rejection occasioned a delay of about two weeks in secur- 
ing the oil for experiment No. 2, during which time experiment No. 3 
was completed. When the contractor was ready to resume work on 
experiment No. 2, bad weather had set in and further delay was 
occasioned. Finally, it was deemed expedient to complete the experi- 
ment, although the weather conditions were not altogether favorable, 
because it was feared that long-continued bad weather might make 
it necessary to postpone the work until the next season. The oil 
accordingly was applied on the first warm day, regardless of the fact 
that the road surface was damp. The oil was applied 0.53 gallon 
per square yard, while the rate for gravel top-dressing was the same 
as in experiment No. 1, or 78 square yards to 1 cubic yard. No 
lack of uniformity mm the distribution of either the oil or the gravel 
was noticed. Where successive distributor loads of oil jomed, care 
was exercised to prevent overlapping, and there was no unevenness 
at any of the jomts. From station 85+00 to 85+45, however, 
the gravel surface on the east side of the road was not very well 
bonded when the work was done. 


EXPERIMENT No. 3.—SURFACE TREATMENT UstnG Two APPLICATIONS OF TAR. 


First application of coal-tar preparation applied cold; second application refined 
coal tar, applied hot. 

Location, station 85-+45 to 109-++-00. 
Total length, 2,355 feet. 
Total area, 4,187 square yards. 

Both kinds of tar for this experiment were hauled in the distributor 
from Washington, about 15 miles, to the road. The first applica- 
tion was of the same material as used on experiment No. 1, analysis 
of which is shown in Table 27. This application was made in a 


1 Viscous, sticky fluid. 
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manner similar to that employed on experiment No. 1, except that 
the rate at which the tar was applied was only 0.35 gallon per 
square yard, and only sufficient gravel top-dressing was used to pre- 
vent the wheels of the distributor from picking up the surface while 
making the second application. Two days were allowed to elapse 
between the first and second applications. 


TABLE 29.—Analysis of refined coal tar! used on experiment No. 3, second application. 


SPeciMeSTAVAby. 20/209 OSES Lee sa, eed 6M tee re! Nes. guen She LD 1. 207 
Mioatmest, a2. Gi. (SeGomds) cose cnc del SEOs eats eae a A Ny 
IBericentaree Carbon cern See, SE IS oe Ee a a Wilh reek) 11. 02 
Distillation: 
Per cent Per cent 
by volume. by weight, 
AINE eT a St eR eI De el Cs Sem EPR oy, ale 0.0 0.0 
ares iglaolatoils (lO Oo yess Seek oo he ek hs he ee 0.0 0.0 
Secone tont oils) (LO LOR Ca) ey dic Soe Sec Nl a Wo 0.0 0. 0 
icammerotls) (UAB 7 Ch) a o% lame) thoy Gate mister deh- els engi Stoieye 5. 0 3.9 
EleaanmOus (Addo On Oi). aisles als oye lle pastes =, eas ee 12.2 10. 2 
lea ols 70-00 “Gye cre eeu ee acate NNR ee ore 7.6 6.4- 
IBiEeHaResTa ets) OLIN AAPL TS RSI ED ce eee a eee 75. 2 79.5 
ROCA Mean rei CLANS Ra OL co ve GEN cau Saece maroie we 100. 0 100. 0 


The tar for the second application is represented by the analysis: 
shown in Table 29. This material was heated at the plant in George- 
town, so that when it reached the work the temperature was about 
205° to 220° F. It was spread at the average rate of 0.50 gallon per 
square yard. Immediately after the second application of tar the 
surface was covered with the gravel top-dressing, spread at the rate 
of 1 cubic yard to about 78 square yards of surface. The amount of 
top-dressing required for the two applications was 1 cubic yard of 
gravel to 53.7 square yards of surface. 

The places where a noticeable lack of uniformity occurred in the 
work are: 

(1) In making the first application the distributor moved too 
slowly on the east side of the road from station 98+50 to 100+00 
and the tar was applied over this area at the rate of about one-half 
gallon to the square yard. 

(2) In making the second application an excess of tar was deposited 
at station 85+45, where experiments 2 and 3 join. 

(3) The second application was made in cold weather and the tar 
chilled so that little of the gravel top-dressing sank into it. Later, 
when the road was opened to traffic, it was observed that much of 
the top-dressing had been swept off the road surface by passing 
vehicles. 


1 Sticky, very viscous. 


4588°—18—Bull. 586 —4 
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(4) The work on this experiment was delayed because of bad 
weather, but the old road surface was uniformly in fairly good condi- 
tion when the work was done. 


Cost data. 


The bid prices were based on furnishing and placing the materials 
by the material unit and were as follows: 


1. Light coal-tar preparation in place, per gallon................. $0. 16 
2. Heavier coal-tar preparation in place, per gallon.............. 16 
3: Asphaltic/o1l im place, per gallon (<.- 3252222 42 ieee eee say) 
4. Gravel for top-dressing in place, per cubic yard............... 1.05 


At the above unit prices the costs per square yard for the different 
experiments were: 


Cents 
For experiment No. 1 (cold tar)..............ccccnccecccccccens 9.18 
For experiment No. 2 (residual asphaltic petroleum)............. 10. 32 
For experiment No. 3 (2 applications of tar—I cold, 1 hot)...... 15. 26 


Total contract price for the three experiments, $2,149.57. 

During the progress of the work, and with the cooperation of the 
contractor, a record was kept of both the labor employed and mate- 
rials used. Tables 30 and 31 show an itemized summary of the costs 
to the contractor, which are based on the following scale of unit costs: 


oreman,;per Nourse. 2. co... os cs ewe cece cme ete ce cee meee $0. 50 
Laborers; per hour! 2. Silk epee. PE Oe eee 25 
Helper'on truck distributor, per hour.: 2. 22225. 32k 20 222s eee . 30 
Driver for truck distributor, per hour,....-.-............--s00.- .40 
Auto truck for hauling gravel (including driver and supplies), per 

OU eae cis crayeisiule iaih aioe diaaie'o ava'ee oe ib ete whatarale ae anaes eee 2.00 


Auto truck distributor (including driver and supples), per hour.. 3.00 
Boiler for heating asphaltic oil (including fireman and supplies) 
(Dee) (OWI OAS OSC SUA BORA AMS an SAMA BARE ONES GARG sas One BAe 1.00 


TABLE 30.—Cost data for excavating, screening, and hauling gravel for top-dressing. . 


: Unit cost, 
Item. Quantity. | Total cost. | per cubic 
yard. 


Cubic yards 

WW OOSeMING Sra veleie ceca sec micc cise sie neisec ints eisai oicisrelee aicisiaers 271 $56. 50 $0. 2085 
Screomingsraveley oy ele ace etctes seleiis a cscs ate cleetarctaleis See nee 271 53. 50 1974 
Moading and dumping gravel ese. elctetelsislajninisisisicinieivisiete reverie ciaieciete 271 46.00 . 1697 
Haulin pigravelll i. sss cas dna sists adie aeine ta cinerea scene eee aa 271 184. 00 . 6789 
Strip PIN Sah icv re eee leteleioieininicleiciciciemreinie cies 271 4.00 - 0147 
GrAVOhid ibs st cmiceiccmciineictecioeinismisieeeacies sie ieieiseseiinicaebet si aee 271 13. 55 05 

Totals cease sc cmas oe ste hise mats s Maes ailio operate wi derastals ra ase 271 357.55 1.3192 


1 Average haul for gravel, 3,900 feet. The high cost of hauling is due to the use of an auto truck that 
could be kept running but a small portion of the time. 
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TABLE 31.—Contractor’s cost of surface treating Mount Vernon experimental road, by 


experiments. 
Experiment No. 1. Experiment No. 2. Experiment No. 3. 

Item. Cost Cost Cost 
: per . per : per 

Quantity. | Cost. square Quantity. | Cost. square Quantity. | Cost. square 

yard. yard. yard. 

Cents. Cents Cents. 

General, s@x= |e. 2s-0ce.-5+--. S28. OU (05669 | cae aia wistele eisai $39.20} 0.359]........2...... $90.40} 2.159 


penses. 
Sweepingroad/ 4,187 square | 7.00 - 167} 10,915 square | 18.00 . 165] 4,187 nat 20.00 . 478 
r 


yards. yards. yards. 
Diste Dubie 2,048 gallons. .| 52.80) 1.261) 5,766 gallons- .|108. 00 . 989] 3,557 gallons. ./128. 80} 3.076 
oil or tar. 
Eea tin sail see Raat seme cece | oecs stale lnc sia 5,766 gallons. .| 88.00 SUG Meter aeietoricle)s cial Setnerata| esieiie ete 
Spreading | 54cubic yards] 14.00 .334, 139 cubic | 65.20 . 598] 78 cubic yards} 34.00 . 812 
gravel. yards. 
1,482 gallons, |125.97) 3.009 


P 2,048 gallons \ 5,766 gallons, at 84 cents. 
Oil or tar..... "at 8icents.fi/4-98) 4 157 at 8 cents. \ 461.28) 4.226 2,075 gallons, 176.38] 4.212 
at 84 cents. 
Gravel........| 54cubic yards} 71.23) 1.701) 139 eu ic |183.37| 1.680] 78 cubic yards}102.90| 2.457 
yards. 
Total. . 5 Pee SA Cpl Bj 289 | owale sear rcieievere 963505] 8823 |Paenceseeeeeeer 678. 45) 16.203 


SUMMARY OF EXPERIMENTS ON GUM SPRING-MOUNT VERNON ROAD, FAIRFAX 
COUNTY, VA. 


The following report describes the condition of the above experi- 
ments when inspected on January 11, 1917: 


EXPERIMENT No. 1.—Coat-TarR PREPARATION. 

The surface is breaking rapidly and becoming mealy, particularly 
up the grade at the beginning of the experiment. There is no well- 
formed mat; deterioration during the 10 days preceding inspection 
was noticeably rapid. 


EXPERIMENT No. 2.—Resipuat ASPHALTIC PETROLEUM. 

The surface has a very uniform mat for short distances, alternating 
with areas which have become badly rutted. The rutting has occurred 
both in cut and in fill, and in at least two places the red clay subgrade 
has worked through the gravel. 


EXPERIMENT No. 3.—Coat-TAR PREPARATION AND CoAL TAR REFINED. 


This experiment shows a fairly intact surface, with a rather well- 
formed mat. It has only two or three small areas with any ruts 
whatever, and is not badly rutted anywhere. 


EXPERIMENTS WITH PIPE CULVERTS OF CORRUGATED METAL ON THE 
TEXAS POST ROAD IN COMAL AND HAYS COUNTIES, TEX. 


GALVANIZED AND UNGALVANIZED PIPE MADE OF VARIOUS KINDS OF IRON AND STEEL. 


These experiments are for the purpose of comparing the behavior 
of different kinds of iron and steel when used in corrugated pipe cul- 
verts under the conditions prevailing in Comal and Hays Counties, 
Tex. All of the culverts were placed in the spring and summer of 1915 
and were in perfect condition when placed. They are reported on 
at this time in order to describe their condition when inspected in 
March, 1917, 
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The pipe used was all 24 inches in diameter and made of 14 gauge 
(U. S. standard) metal. Both galvanized and ungalvanized sheets 
were used. The culvert structures are all provided with concrete 
head walls and include from one to four lines of pipe. Table 32 gives 
the number, location, and a brief description for each culvert. In all 
cases the structure numbers are indented in the tops of the head walls. 
The engineer’s stationing, used in fixing the locations, is as follows: 

In Hays County.—Station numbers increase southward from 1,357 
at the Blanco River to station 1986, Hays-Comal County line. In 
Comal County the station numbers decrease southward from 539 +16 
(=station 1986, Hays County survey), at the Hays-Comal County 
line to 0 at the north city limits of New Braunfels, and increase south- 
ward from 539 + 16 at the south city limits of New Braunfels to 1045 7 
27 at the Comal-Guadalupe County line. 

Tables 33 and 34 show the results of laboratory analyses of samples 
taken from the galvanized and ungalvanized pipe,respectively. The 
samples in all cases were 4-inch by 6-inch rectangles, and were cut 
before the pipes were placed. 

Table 35 records the condition of the various pipes when inspected 
in March, 1917. 


TABLE No. 32.—Locations of experimental culverts, Texas post road. 


Number 
ppmdmarks aud culvert |s+ation No.| lines of Description of culverts or landmarks. 
a pipe. 
Hays County. 05-25-28 EBay fb eee eee South bank of Blanco River. 
ING G2) cbs Se oc ae Hee 1419 1 | Ungalvanized Bessemer steel. 
Ne. Gane ee eee nie a 1457+50 1 Galvanized Bessemer steel. 
OAG8 222s ee Skee 1515 1 
SAN oe Ee North city limits, San Marcos River. 
San Marcos. ...........- IL le pete aes se South city limits, San Marcos River. 
Inte fee eee a 1748+70 1 | Galvanized open-hearth steel. 
INO 70ese Fe ht seas 1765+35 1 Vea Bessemer steel. 
- A986 loess 252 ays County survey. 
County line...........- { 539+16 |..........| Comal County survey. 
No.94. I. &G.N.R.R. 508 1 | Galvanized copper-bearing open-hearth steel. 
crossing 
INGOT eee Se Se 476+10 1 | Ungalvanized copper-bearing iron. 
ANOS eee See Sean a era 466+60 1 | Ungalvanized copper-bearing steel. 
No a0 oot eee 393+85 1 | Galvanized copper-bearing steel. 
No. 103. Under con- 355+00 1 | Ungalvanized ingot iron. 
crete crossing 
: North, galvanized Bessemer steel. 
No. 109 168 4 North’ center, ungalvanized open-hearth steel. 
EMRE, ees 4 South center, galvanized open-hearth steel. 
South, ungalvanized Bessemer steel. 
ING= 110 e288. ses 8 112+50 2 /fN orth, galvanized open-hearth steel. 
(South, 3 anealyanizen: open Bae steel. 
Us see ees orth city limits, Guadalupe River. 
New Braunfels.......-- { See | eee eens South city I = ts. 43 
cf orth, galvanized ingot iron. 
No. 127..----.-+--+++-+- 716 - South, galvanized copper-bearing iron. 
No. 128 726 North, ungalvanized copper-bearing iron. 
LSS BSS F359 South, galvanized copper-bearing iron. 
No. 131 777 D North, ungalvanized open-hearth steel. 
(a 2b ogg ao2s2sosses5e {South, puplvanived copper-bearing open-hearth steel. 
Sr Sey Soe i TT iy a5 Coie iiod eece iron. 
S555 55555-4555 s5 oO 
North, galvanized copper-bearing open-hearth steel. 
No. 143 937 4 North center, galvanized copper-bearing iron. 
fo 3323325 2252 SS Sas South center, ungalvanized copper-bearing iron. 
South, ungalvanized copper-bearing open-hearth steel 
ING. 4aB xe a ER 1012 1 ee oe seis 
NT orth, galvanized ingot iron. 
No. 149......-.--------- 1018 2 {fhe ungalvanized ingot iron. 
County line.........-..- | 1045++-27 |......-.-- | Comal, Guadalupe Counties. 


DUST PREVENTION AND ROAD PRESERVATION, 1916. 


29 


TABLE No. 33.—Tests on galvanized metal used in experimental corrugated culverts on 
Texas post road. 


Metal. 


134 
149 


v 


Spelter Analysis of base metal. 
per 

square 

foot of | Car- Sul- | Phos- | Man- | Cop- Sili- 

metal. | bon phur. | phorus.| ganese.| per. con 

Ounces.| Perct.| Perct.| Perct.| Per ct. | Per ct. | Per ct. 
2.97 0.11 . 052 | 0.098 0. 34 0. 00 0. 005 
2. 59 . 09 . 047 .107 . 36 POOL Reyes 
2. 80 . 10 .053 |} .104 58y/ BOO0Di ee heehee 
2.74 09 . 043 .013 -41 | Trace. |........ 
2. 58 .10 . 049 s(Oil7 - 40 JO08E | ances 
2. 84 . 09 40377) 2037 .39 ZOOS) Eee eae 
2.48 .07 .033 | .0095 sO2 Up nl| bes aa 
2. 59 .07 - 036 . 0095 41 DOME [icc aces 
2.48 - 08 . 048 - 0095 42 a ial | sateen tae 
1.90 . 04 .039 | .012 - 056 pleas he 
1. 86 05 .040 | .0095 . 056 Stahl 
2.02 . 04 .034 | .0074 . 050 PA ba a 
2.44 . 04 .044 | .0063 .019 ROG || ieee e 
| .03 - 035 . 0074 . 050 nO RAIN acer 
2.50 03 045 | .0063 .019 Trace. Base san es 


TABLE No. 34.— Tests on ungalvanized metal used in experimental corrugated culverts on 
Texas post road. 


Analysis of metal. 


ee ee ee 


Per cent. 
0 


Per cent. 


0. 057 


Phos- Man- ar 
phorus. | ganese. Copper. | Silicon. 
Per cent. | Per cent.| Percent.| Per cent. 

0. 097 0. 34 OX O00r | eon aaa oes 
. 099 5BY/ OOD. ee aes 
. 096 .od SOO4i soe ose 
.014 .36 Trace 0. 005 
-017 . 26 OOS ete eae 
. 012 238 SOA WN anaes vies 
. 0084 .32 5 PP, -015 
.013 -43 Bil beara ene sh Gemntle 
. 012 .43 P7975 tal eee 
. 0084 - 043 -12 O01 
- 0095 . 056 BLUE earner eye 
012 019 a1 hd ee 
. 0053 . 028 -006 .00 
. 0074 . 028 AOTC See are 
. 0053 . 028 HOLD) |e 


Station. 


Metal. pean 

Bessemer steel: ss55o5 454-2 cls 109 
Fs Btolsletebr ett) feibiaawasat oh. 62 

Saas dae oases = aplekjeettoeide ial. 75 
paeenin Shel. <5: rove rcets!yo5}-< 109 
1D Ne at Ce eae eee Meenas ee 110 

Oye oct ast ec Sachets = 131 
Copper-bearing steel.......-.-.- 98 
1D YS SOC ee ELON Pate RES 131 

OR essere si cia abit gate 3 143 
EPPper bearings AT OT. o-cxopst ties 97 
1D Lays Se ae eae Vier mee a 128 

DOR cc teetie rs oS tract bial: 143 
RNS OLE OM) (eeye se acb re isin eee 103 
1D GS ee a a a eel 148 

1D) Oot ran sate coh Sioa: 149 
Metal. pele 

Galvanized Bessemer steel......- 109 
DD Oe Aree se cate cia'oSslage 65 

ID, ARLES 5 Ree EE ee re a oe 68 
poweuled open-hearth Steelt)5 5/3 109 
DL ose a ee ee eee Ae Rs Ae 110 

Sane Sater Rese BOC Mere mene 74 
Galvanized copper-bearing steel 94 
9 BO ie ea te Sg S Bue Sa fhe 101 

PR ELER comer Ca EES, 143 
paivanined copper-beraing iron eu 
SIS MASSE EI: 28 

Raa = calsienla co eas wie ois aie iciaS 143 
enlvanized ingot irom juss sasee 127 
1D) Qe ase ees oe aes ene en ae 134 

Gera de soe etes acne sees 149 


168+-00 


1457-++50 
1515 


1018-++00 


Position Condition, March, 1917 

INortheeessce- In apparently new condition. 
No deterioration of spelter, 
and entire absence of scale or 
rust. 

Sob acai se SAte Seles Do. 

300 ee Ey LB: Do. 

South center Do. 

North. 222 22) Do. 

ps PR ate 8 Dee Do. 

Kos dels aeosa Do. 

Bs Siena ae Do. 

INortheee: ee. Do. 

South eeeceee Do. 

Wh Ie GOs SH a45: Do. 

North center - - Do. 

North hie Do. 

SE SEO ES bEaee Do. 

NOLEN ee hess: Do. 
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TABLE 35.—Condition Record, March, 1917—Continued. 


Location. 


Position. Condition, March, 1917. 


Struc- 

Metal. ture No 

Ungalvanized Bessemer steel.... 109 

1 Yo pa et se Ie est en ea 62 

Sa iureyete re ate vaya aA ayers peta 75 

Ungalvanized open-hearth steel. 109 

ND) 0) ss Heya ct zee ea 110 

DOs ae eciasa cea ncaa 131 

Ungalvanized copper - bearing 98 
steel. 

ADO RS Say a eee OE es 131 

ID ORB eer ware te enya cae 143 

Ungalvanized copper-bearingiron. 97 

LD Yosh ee UU TS Ae em 128 

CIB Oe Nea A 8S IR 143 

Ungalvanized ingot iron.........- 103 

TB Xo eS es ences pee CA RUIN 148 

ID Yo WEIS Seed Ayaan eck Neagle Fie 149 


Station. 


168+00 


1419 


1765+35 
168+-00 


112+50 


777+00 


466+ 60 


777+00 


937-+-00 


476+10 


726+ 00 
937-+-00 


355+00 


1012-++00 


1018-+00 


Considerably rusted and start- 
ing to scale slightly. Rust re- 
moved with effort, and de- 
terioration of metal noted to a 
small extent on scaled spots. 

Slight coating of rust, easily re- 
moved. No scale or deteriora- 
Hon of metal noted. 


erect eee e ee ee aece 


0. 

.| Slight coating of rust, easily 
dusted off. No scale or dete- 
rioration of metal noted. 

Considerably rusted and starting 
to scale slightly. Rust re- 
moved with difficulty, and de- 
terioration of metal noted to a 
small extent on scaled spots. 

Considerably rusted. Coating 
removed only with effort. No 
scaling or deterioration of metal 
noted. 

Slight coating of rust easily 
dusted off. No scale or de- 
terioration of metal. 

Considerably rusted. Coating re- 
moved only with effort. No 
scaling or deterioration of metal 
noted. 

-| Considerably rusted. Coating 
easily removed. No scaling or 
deterioration of metal noted. 

Slight coating of rust, easily 
dusted off. No scale or de- 
ee of metal noted. 


eccetaeecsesescecce 


0. 

Considerably rusted. Coating 
easily removed. No scaling or 
deterioration of metal noted. 

Considerably rusted and start- 
ing to scale slightly. Rust re- 
moved with effort, and de- 
terioration of metal noted toa 
small extent on scaled spots. 

Considerably rusted. oating 
of rust easily removed. No 
sealing or deterioration of 
metal noted. 

Considerably rusted. _ Coating 
removed only with effort. No 
scale or deterioration of metal 
noted, but certain few spots 
indicate early formation of 
scale. 


South center.. 


Under con- 
crete Cross- 
ing. 


eee eee reste eee cee 


SUPPLEMENTARY REPORTS OF EXPERIMENTS PREVIOUSLY 


REPORTED. 


The following reports are in continuation of others already pub- 
lished by the department in the annual ‘‘Progress Reports of 


Experiments in Dust Prevention and Road Preservation.” 


It was 


decided to abandon the experiments at Ames, Iowa, and Knoxville, 


Tenn., but the histories of these experiments as well as of several 


others are summarized with the supplementary reports, so that the 
results obtained may be studied conveniently by those interested. 
In all cases references are made to the earlier publications in which 
reports regarding the various projects have appeared. 
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MOUNT VERNON AVENUE, ALEXANDRIA COUNTY, VA., 1915. 
BITUMINOUS MACADAM, BITUMINOUS CONCRETE, BITUMINOUS GRAVEL CONCRETE. 


These experimental sections were constructed on Mount Vernon 
Avenue beginning at the Military Road near Arlington Cemetery and 
extending to Washington Avenue; thence to Washington Street, to 
the city line of Alexandria. The original report, giving details of 
materials and methods of construction, is published in Bulletin No. 
407, United States Department of Agriculture. In addition, it may 
be stated that experiments Nos. 1 and 2, and 5 to 10, inclusive, bled 
profusely with the first warm weather of the spring of 1916, and re- 
quired the prompt application of torpedo sand to prevent picking up 
under traffic. 

The work was inspected on January 11, 1917, and the condition of 
the experimental sections at that time was as follows: 

Experiment No. 1—Bituminous macadam, sandstone unrth fluxed 
native asphalt A; experiment No. 2—Bituminous macadam, sandstone 
with oil-asphalt X.—There was no marked difference in the appear- 
ance of these experiments. They were in excellent condition, with 
the seal coat still almost intact, particularly on experiment No. 1, the 
bitumen having bled up to form a close, generally uniform surface. 
Experiment No. 2 appeared to have more of the coarse stone exposed. 
Only two or three patches have been made since construction. 

Expervment No. 3—Bituminous concrete, sandstone with fluced natwe 
asphalt A; expervment No. 4—Bituminous concrete, sandstone with oil- 
asphalt X.—In January, 1916, about 6 months after completion, it 
was noticed that large areas in both of these experiments became coy- 
ered with check cracks, generally in two directions—longitudinally 
and at right angles to traffic. From 24 to 48 hours after the appear- 
ance of these cracks the areas would begin to ravel, and, once broken, 
disintegration would follow rapidly. Temporary repairs were pro- 
vided for at once and only a few of the cracked areas actually broke. 
Those which raveled were dug out carefully and filled with penetra- 
tion patches until, in March, it was possible to apply a general seal 
coat to both experiments. A fluid, refined water-gas tar was used 
and the covering material was torpedo sand. The characteristics of 
the bituminous material are given in Table 36, and the cost data and 
quantities will be found in Table 38. 


TABLE 36.—Analysis of refined water-gas tar. 


SCC MeV eT ANAL Ve ate Ce] 20 ei, Cities iy chara sites arise vate ere bettas lpl- «a e's stein ocd ane 1.145 
Specine vmscomtm. Pmeler: BO? C50) Cx Ce iis soe coo tate es Sete Ld oho a rcio cea iee 1 26.5 
iBiumensolible im CS, (total bitumen) :<.-.-:--2..)..-..b.e0ce per cent.. 98.92 
Organic matter insoluble (free carbon) .......-.....--.-...--+--+-+-- dost ae OF 
inmorzanic Mather insoluble) t2 00620) RO be SE do. 33 t0903 
100. 00 


1 Average of three samples. 
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TABLE 36.—Analysis of refined water-gas tar—Continued. 


Per cent Per cent 
Distillation: Character. by volume. by weight. 
Water SSLUUNS. ED, OETA SOR, SE. BA Ee 0.0 0.0 
First light oils (110° . Deb Seen Perch se pee Re ys 0.0 0.0 
Second light oils (—110°-170° C.).. oie fh CHEAT: Trace. Trace. 
Heavy oils (170°-270° ©.) os. oe os peek 2/25 solid 28.0 24.5 
Feavy00ls, (2/0 73000 O.) vee wee ae ae eee Clear. 10.3 9.0 
Patehue cee woes coe ee re ae Sticky; semisolid. 61.7 66.5 


100.0 100.0 


This treatment prevented further deterioration, although experi- 
ment No. 4 has a somewhat distorted cross section at points where 
the heavy sidehill fill has settled. At the time of inspection both of 
these experiments presented a practically uniform appearance. The 
surface was intact, although the seal coat was blotchy, some areas 
were black and leathery where fat areas had been caused by the pene- 
tration patches in the original surface, and other places were brown 
and mosaic in texture. 

Expervment No. 5—Bituminous macadam, gneiss with fluxed native 
asphalt A; experiment No. 6—Bituminous macadam, gneiss with oil- 
asphalt X.—These experiments were somewhat open and porous in 
the spring of 1916, but at the time of inspection were in good condi- 
tion, having sealed themselves satisfactorily. To prevent raveling, 
a few patches had to be made early in the year before warm weather 
caused bitumen to bleed to the surface. The seal coat is now fairly 
uniform, although several mosaic areas were noted, and the surface is 
somewhat rough, owing to irregularities from construction rather 
than to wear. } 

Experiment No. 7—Bituminous concrete, gneiss with oil-asphalit X ; 
experiment No. 8—Bituminous concrete, gneiss with fluxed native 
asphalt A.—These experiments were somewhat smoother than ex- 
periments Nos. 5 and 6. Not having been so open in the spring of 
1916, the bleeding above referred to produced a more uniform mat, 
and the surface was in good condition, except for shght irregularities. 

Experiment No. 9—Bituminous gravel concrete, pit-run gravel with 
oil-asphalt Y.—This experiment was somewhat rough and uneven, 
owing to irregularities apparently due to lack of uniformity in the 
seal coat; otherwise the experiment was in good condition. Only 
one or two small areas raveled in the spring of 1916, but were repaired 
easily. 

Experiment No. 10—Bituminous gravel concrete, pit-run gravel with 
fluzed natwe asphalt B.—This was the poorest of the gravel sections. A 
considerable total area, almost all being on the Four Mile Run fill, 
required patching early in 1916, and practically the entire surface 
received a seal coat in intermittent applications. The mixing plant 
used in construction stood at approximate station 95 and much of 


DUST PREVENTION AND ROAD PRESERVATION, 1916. 33 


the construetion work south of Hume Spring was done after the sur- 
faceof experiment 10 was laid. Onaccount of the dripping of the bitu- 
men from the mix as it was hauled over the section, a blotchy, irregular 
seal coat characterized this experiment. This blotchy effect was 
practically all worked out of the surface by careful maintenance, 
although it still was full of slight, short irregularities. On the whole, 
the experiment was in better condition than during the spring and 
early summer of 1916. 

Expervment No. 11—Bituminous gravel concrete, pit-run gravel wrth 
refined tar.—This experiment had a browner, more open appear- 
ance than any other gravel section. It had to be slightly patched 
in the summer of 1916, but at the time of inspection was intact and 
in good condition, except for slight irregularities due to construction. 

Expervment No. 12—Bituminous gravel concrete, pit-run gravel unth 
oil-asphalt Y.—This experiment, especially the part between the rail- 
road crossing, was much the best of the gravel sections. It had an 
even, regular, somewhat leathery mat, and was practically free from 
regularities. At the crest of the grade between the railroads a spring 
broke through the road during the early summer and a stone drain 
had to be laid. Except for repairs at this placc, the surface required 
very little attention. Only one spot showed bad wear, and that was 
at Hume Station, where the mixed work joins the brick crossing. 

Experiment No. 13—Bituminous macadam, trap rock with oil-asphalt 
X; Hxperiment No. 14, bituminous macadam, trap rock with fluxed 
natiwe asphalt A.—These experiments were very open and porous at 
the time of completion, and one or two small patches had to be made 
to prevent raveling. The binder bled up satisfactorily, and at the 
time of inspection the surfaces presented no apparent difference and 
were intact and in good condition. 

Expervment No. 15—Bituminous concrete, trap rock with fluxed native 
asphalt A; Expervment No. 16, Bituminous concrete, trap rock unth oil- 
asphalt X.—Within 4 months after completion these experiments 
began to ravel badly and experiment No. 16 failed over 60 per cent 
of its area. As the failure occurred during the winter months, it was 
impossible to make proper bituminuus patches, so repairs were made 
by removing the old surface where disintegrated and filling the holes 
with a good sand-clay gravel and allowing it to compact under 
traffic. These areas were fairly smooth by spring and then were 
treated with a heavy seal of cold water-gas tar or coal-tar patching 
material and covered with 3-inch gravel. At the time of inspection 
both sections were in good condition, although shghtly rough in some 
places. The largest breaks in the original surface occurred on the 
fill at approximate station 191, and although a sharp turn occurs at 
station 192, the repairs made appear to have been adequate. 
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Experiment No. 17—Bituminous macadam, granite with fluaed native 
asphalt; experiment No. 18, Bituminous macadam, granite with oil- 
asphalt X .—In the spring of 1916 small areas, distributed quite gen- 
erally over the surface of both experiments, began to disintegrate so 
that numerous penetration patches were necessary. These sections 
had been laid over old macadam which was scarified and dressed 
with a layer of new stone before the penetration course was applied. 
The breaking of the newly constructed surface appeared to be due to 
movement in the wearing surface caused by the failure to fill and 
bond the new stone added to the foundation. Both sections were in 
good condition for retreatment and this was applied. The charac- 
teristics of the bituminous material used in the reseal are given in 
Table 37 and the cost data and quantities will be found in Table 38. 


TaBLE 37.—Analyses of residual asphaltic petrolewm.} 


General characteristics, viscous, sticky fluid. 


Lee ne A—0.991 
Spechteroravityl2o7 Oui2oy Gitte ero Tee Ws Pres eal: re ee aes | B_0. 989 
ilasivapo me + C2 ER eesti tees oars Sete aie ais ot ee 100 
LBAUD eraTy G¥S95 CLOvU OY Rasen, OP RAMA, seen eN inas eaten at Me OIS A tS SRS I al i a 120 
gloabebesty 50g. C.(SCCOnds). 2. Se se ice, ye a hee a, 

’ B—30 
Waiscosity Hmeler50\c..cat 100% Cy ispecifie:.3.2 5. he See eee 14.2 
Mossiab iGo: Ch bhours, 20 erams:. mer Cente o4- 212i | ee eee 14.30 
Character of residue very viscous, sticky. 
Hloatitest onresidue 50 7 © 8(Seconds)! 25-55-2022. fees tee eee 160 
Per cent of total bitumen insoluble in 86° B., naphtha .-.......-........- 17.39 
Pericentyot timedicarbonee Ao. ese k tage ss os) oe a Re ee 10. 44 
Bitumen solublein @S, (total bitumen), per cent...-.:.:2..2.22-27. 2252 99.89 
Orcantematteransolubley per cent. 220. [55 Si. BLL. eS See eee 0.11 
inorganicmatteransoluble; percent): 2.) 2.) <o2ccin- -)- - - eee eeeee 0.00 
100. 00 


Expervment No. 19—Bituminous concrete, granite with oil-asphalt 
X.—This experiment showed marked deterioration and many pene- 
tration patches had to be made in the spring of 1916. It was 
brought into good condition for treatment and a new seal coat 
applied in May and June, 1916. The same bituminous material was 
used as on experiments Nos. 17 and 18, and cost data and quantities 
are given in Table 38. At the time of inspection this experiment 
showed a few wavy spots due to fat penetration patches under the 
retreatment; otherwise the experiment was in good condition. 

_ EKaepervment No. 20—-Bituminous concrete, granite with fluxed native 
asphalt A.—Except at the south end, this experiment did not disin- 


1 Samples A and B from each of 2 barrels, except where indicated tests were made on composite 
sample, 
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tegrate so noticeably as the other three granite sections. It was 
placed in good condition with penetration patches and received a 
surface treatment in May. The same bituminous material was used 
as for the treatment on experiments Nos. 17, 18, and 19, and cost 
data and quantities are given in Table 38. At the time of inspection 
this experiment was in almost perfect condition. 

Corrugated metal culverts —The corrugated metal culverts on the 
Mount Vernon Avenue experimental road were inspected at the same 
time as the road surface, and were found to be in good, sound con- 
dition. There was no appreciable difference in the amount of rust- 
ing, although all were covered with a thin layer of rust. In the case 
of the coppered-iron and ingot-iron culverts this rust seemed to be 
somewhat more easily rubbed off than in the case of the others, 
leaving smooth black metal exposed. The rust in the open-hearth 
steel culverts appeared to be of a more scaly nature than in the 
others. 

Table 40 shows a traffic census record for the entire project, and 
Table 39 the maintenance cost record for the calendar year. The 
cost figures in Table 39 include the cost of surface’ retreatments 
given in Table 38. | 
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‘TABLE 39.—Surface maintenance costs of 1915 experiments on Mount Vernon Avenue, 
Alexandria, Va., from Jan. 1 to Dec. 31, 1916. 


Cost per square yard. 


Experi- A 
ment Area - 
Construc-| Mainte- 
No. tion. nance. Total 
Sq. yds Cents. Cents Cents. 
eas ae 1, 202. 22 80.13 7.36 87.49 
DAIRY 5 iif 2, 599. 67 66. 43 2.08 68. 51 
Sue ee 1, 867.78 88. 98 11.90 100. 88 
7 et Pee ee 1, 924. 00 74. 27 10. 06 84. 33 
[yee Mee 2,196. 56 47.74 2.95 50. 69 
(i Ao 1, 422. 22 36. 85 .52 Sino 
Vie eee 2,369. 78 45.57 . 89 46. 46 
Saeee eyes 1, 221.33 57.81 1. 41 59. 22 
Ao at \6, 863.22 | 33.54 2.94| 36.48 


Experi- 
ment 
No. 


Area. 


1, 866. 67 


Cost per square yard. 


Construc- 
tion. 


Cents. 
43.74 
41.62 
48. 41 
58. 98 
65. 77 
52. 66 
63. 04 
48, 29 
54. 26 
67. 73 


Mainte- 
nance. 


Cents. 
2 


Total. 


Cents. 
45, 84 
44, 04 
49. 33 
60. 59 
65. 95 
55. 90 
77.06 
62. 86 
66. 21 
78.32 


Taste 40.— Volume and character of traffic during a 16-hour period on Mount Vernon 


Avenue, 


Apr. 8 to Dec. 24, 1916. 


North of Russell Road. 


South of Russell Road. 


° Maximum. Average. Maximum. Average. 
North-| South- | North- | South- | North- | South- | North- | South- 
bound. | bound.| bound. |} bound.| bound. | bound.| bound. | bound. 
1 | Loaded 1-horse wagon....-..... 2 Signe wale il 2 BIA to Garter 1 
2 | Unloaded 1-horse wagon........ 5 7 1 1 4 6 1 1° 
3 | Loaded 2-horse wagon’.........-. v) Gi Bite ee eee 2 Ara SA eas te 1 
4 | Unloaded 2-horse wagon......-. 4 2 1 1 4 2 ‘Li Hace aes 
5 | Loaded 4-horse wagon.......... 3 1 Tastes RIOR Mane aaa A 1 Ue ss Ramee oe 4 
6 | Unloaded 4-horse wagon.......- TT ieee Se eat ye Stay Ee eer ai P| MRS EPEAT seh SM a MNS 3 
7 | 1-horse pleasure vehicle......... a 7 2 3 7 7 2 2 
8 | 2-horse pleasure vehicle......... 1 gD ee ey 1 2 |SeA ASSEN oe LE a 
9 | Rubber-tired horse vehicle......|........ i Cala earl a ere 1 I ge ee | LG 
LOVPeaddle horsest 2b s25- ws esass 96 8 5 1 3) 6 1 1 
IG EMOtOMey Clete css sacs ccceoees -a=- 25 32 U 9 24 32 5 6 
12 | Excessively heavy vehicle 1..... 1 Tl es a ae a el hy ae 1 Oh AS epee RN 
tZaleMotor nunaboutsess..ss2cce o5e. hh 20 13 11 17 16 9 9 
147 Motor touningieary.. 2222225 -he. 4 715 720 270 257 451 470 201 190 
Lyn eon eGsmMOvOMadrayacc.ssos454- 16 21 6 20 13 17 6 9 
16 | Unloaded motor dray..........- 19 18 6 5 14 11 6 Dh) 


1 Very heavy vehicles, such as carry ore, stone, timber, machinery, etc. 


FALLS ROAD, MONTGOMERY COUNTY, MD., 1915. 


SURFACE TREATMENT ON WATER-BOUND MACADAM (OILS, TAR PREPARATIONS, 
REFINED TARS). 


The original report of these experiments was given in Bulletin No. 


407, U.S. Department of Agriculture. 


the condition of the experiments on February 21, 1917. 

Expervment No. 1—Asphaltic petroleum, cold application, correspond- 
ung to expervrment No. 3 on Rockville Pike.—This surface shows a 
tendency to become mealy in cold weather, and with continued wet 
weather works up into mud. It was seen in the winter of 1915-16 
that the road could not be brought safely through another cold season, 
and a re-treatment was given late in the fall of 1916. The same 
material was used as for the original application, and its character- 


‘istics are given in Table 
Table 43. 


41. 


The following report describes 


Cost data and quantities appear in 
At the time of inspection the surface showed its charac- 


teristic tendency to work into mud, but had behaved much better as 
a whole than did the corresponding section on the Rockville Pike 
during a corresponding period after its construction. 
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TABLE 41.—Analysis of asphaltic petroleum’ used in re-treatment of experiment No. 1. 


Specific sravity 252/209 GT Se ee SS Rae ee eae eee ee 0. 956 
Mlash, pow. (FG) cc, cece Us Sets ee Fe ee ie ne ee 28 
Baraine pomt gy? G0 Sooo os ot Soe ae a ee Se Oy ee ee eee 50 
Specific: vaseosity, Hingler,-25° C.,.50 ©. cq. ce ho. os en tte ee ee 187.5 
Hoss’at 163°.40;,'5 hours, 20 srams (per cent). 22 eo ee eee 28. 23 
Hloatdest on residue! 50° C(Geconds)......-. 8.290. Lie ee eee 188 
Per cent of total bitumen insoluble in 86° B. naphtha.................-.--- 16. 58 
fixed carhonr(per cent)... 3.2256) Secs aU ES EE ee, ee ee 9. 04 
Total pitamen(Goltablean. GS5) 2% Ls .22.. 4 SS. oS ek oe per cent.. 99.95 
Oreanic gnaiteriasolrble.. ose asin Ss. ee PIU ee per cent. - 05 
inorcantGanatier MmpoluIbles os. 222s se sole eC ee ce eee per cent. - . 00 

100. 00 


Experiment No. 2—Residual asphaltic petroleum, hot application, 
corresponding to experrment No. 5, on the Rockville Piuke.—This section 
was in generally good condition. There was a slight tendertcy to 
crumble, especially at the edges, but little or no mud formed. It 
was thought very early in 1916 that this section would require re- 
treatment during the summer, but it bled profusely and had to be 
dressed heavily until about the middle of the summer. The section 
appeared to be somewhat better than section No. 5 of the Rockville 
Pike. 

Experiment No. 3—Coal-tar preparation, cold application.—The 
original application on this section never produced a close. intact 
mat and in the summer of 1916 had to be patched frequently where 
the macadam had become exposed and in November was retreated 
with the same bituminous material as applied originally. The char- 
acteristics of the bituminous material appear in Table 42, and cost 
data and quantities in Table 43. At the time of inspection the ex- 
periment was in excellent condition, with no signs of further disinte- 
gration or unusual wear. 


TABLE 42.—Analysis of coal-tar preparation * used in retreatment of experiment No. 3. 


Speckhe Sravaty 2oij20- koe ole io at ee A eee 1.149 
Specitic viscosity, Engler 50'c. ¢. at. 40° Cz. 220.222 2220. es ee a iPege 
Percent free carbon (imsolublein\CS,)2:c2 . 2 1 ee eee 6.19 
ee : Per cent Per cent 
Distillation: by volume. by weight. 
Waterers See ec oe Seen Omen eae ee MGI GO 8 ck Sib 0.0 0.0 
Wimiyuehi oils (to ClOe eye: oe ee ee ee ee eee 1.8 i eb 
Second licht oils 2 (10° 40, 170° C.) e283 oie eae 1.5 8 
Peay y ols =(070?40 210? GO) so: EME oe Pee 19.8 iy. 
Heéayvy ols: * (270° to.300° Gs) oe ere. eee eee 9.0 7.8 
Pitrehiresidue . 3 65.50) aE Cees too ee = 2 eee ee ee 67.9 (Eee 
Wotall 24 [0 0 CSAs SGP Ce Seed ee hs ee Se oe 100.0 100.0 
1 Fairly viscous sticky fluid. 4 Clear. 
2 Very viscous sticky fluid. 5 One-half solid. 


3 Fairly thin fluid. 
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TaBLE 43.— Materials and cost data for surface retreatment in 1916. 


Experi- 
ment No, 1| ment No. 3 
Item. : (coal-tar 
(asphaltic core 
petroluem). Lr) 
L\THORY EE IGG (CSS SEED SOD CORSA OO Ha oS COCO ae Bee oem anny an square yards. . 7, 625 13, 235 
Quantity of material per square yard: 
IB UHMINTOUS}IN ALOT ale yeas ee ge ere Phy Pa TER a ea Dye gallons. . 0.23 0.33 
(CHP ON Se A le ee ee SS CUT Oe eM eA ma er Bed CubiGhyandseateeere eee -0115 
SEIRG! eo se SAB AR EEE aes ete eae eee oe Chm Nias ge ef eau UR PAF) 8 donee OLA rue le 
Cost per square yard (cents): 
BGI UTIOU SHEN LOU Alay ene cya Nery pe sry amyl Ue) SN 2 ys a 2h 52 3.06 
CUE COR Gb Ate a 5 Se SIRE Be SAG Ate anaes SEs NIE ee ane ne Magne a YL Ay at AITO ae re 3.45 
SHIG | po BABS Se Se Sods 6 IDS ene SOP HA RU ie eee an mu Senet snag eA ae a. Ss Patan AN essed deol A 
WleANITIOTSUTA CNET epee sh nD Cale aL OLY oe PAT aot Dera eget .10 41 
ETCRTIMITTORTTT LOTTA Seema Sere eerste ye EL PSLRA NT sl Sp SO .14 
AP Ply PW bUbuMINOUSMaterials ass a4- 22. se secs eae Ase ee 2 eee eee 35 49 
PATO livata CeSAM GUOnsOT AV Clewan ab meee em ayesens hye wey aia. TEA OEE | Ul hea eee .18 24 
SULPOIVASI OL prt aeetere pas cer geen mn ie ote LI ie a Ke al ane cr eae 130 . 36 
ANOUEIE (ORME) soos AGEN I eae SENG EA UA ees Ra Rs ALI 6.78 8.15 


Expervment No. 4—Refined water-gas tar, cold application, sumilar 
to expervment No. 2 on Rockville Pike.—This section has not shown 
the initial signs of disintegration characteristic of section 2 of the 
pike, which is troublesome unless cared for by immediate retreat- 
ment. Several intersecting bad roads tended to impair the character 
of the surface near the intersections owing to the clay that was 
tracked on the bituminous surface. The experiment was in good 
condition, but indications were that a second application of tar 
would be required in the early summer. 

Expervment No. 5—Refined coal tar, hot application, similar to ex- 
perument No. 1 on the Rockville Pike.-—This experiment was in gen- 
erally good condition. It suffered a little near the cemetery, owing 
to large quantities of mud being brought upon it from side roads and 
drives. At the time of inspection there was no disintegration. 

Following the same procedure used in connection with the other 
experimental roads, a traffic census was taken on the Falls Road 
for 15 hours every thirteenth day from April 10 to December 31, 
1916. A tabulation of the maximum and average of each class of 
traffic for this period is givenin Table 45. Table 44 shows compara- 
tive cost data to December 31, 1916, for the various experiments in- 
cluded in this project. The cost figures in Table 44 include the cost 
of general retreatments as given in Table 43. 


TABLE No. 44.—Surface maintenance costs »f 1915 experiments on Falls Road, Mont- 
gomery County, Md., from January 1 to December 31, 1916. 


| 
| Cost pe e yard. P 
| ost per square yard Mainte- 
: Length of FE En ancecosy 
Experiment No. | SeCtiOlL. Area. perc ks ane ae per mile 
| Honk nance! Total. of surface. 
| 
Feet Sq. yds Cents. Cents. Cents 
PRO eras estates ict isthaeiavciacs arta <I 4,575 7, 625 7.77 6.25 14.02 $550. 00 
LPAI Hs 2 Ae Ah Bs eee cite | 4, 386 7,310 yaa 1.07 13. 12 94.16 
Se om ee | 7,941 13, 235 8.48 9.33 17.80 821.00 
ier Oats HE OEE LYS © Ohta sae tN a et 5,718 9, 530 9.63 10 9.73 80 
UR sees he SN ORME A clapladare eta IME 5, 880 9, 800 10. 21 01 10. 22 88 
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TABLE 45.—Volume and character of traffic on Falls Road, Apr. 10 to Dec. 26, 1916. 


Maximum. | Average. 
a 
West East West East 
bound. | bound. | bound. | bound. 
1 AW Oaded t-NOrse WATOM Sa. 5 ee ae ee ese ae ceo ee eee 16 6 3 
2aumnioaded I-HOrse Washes are Le ce acre eee 94 12 2 
=a etNAd eG 2-DOTSe WagODls a. ce he soe ee eye ae ae ree ne 10 | 17 3 
4 | Unloaded 2-horse wagon.................-- Be Aly oe 12 4 3 | 
tol Mioaded Ahorseiwagonee. of. SPR Re 5 Po ena ss eo erat 11 | 6 4 
Gi] WWinloaded!4*horse wagons] 8a 4 | Sy Beeeebe 
fe AOISS (lease VeRIelO™ oak 2 e Sr ene Ue eee 115 | 132 | 37 3 
Syl ee -horselipledasureivehiclens abe ree ne hee bt PUN eA ee 4 | ee eee le oatemee 
9) SRubberiiredihorse:vehicle-2 2). 22222282 ee eon Pees 3 | Aceon |eeeeee-ees 
NOs OA IG HOTSO es tN ae eek oR nr 7h de woe Se cee ee 17 | 13 | 4 
HAR MOON Gy Cless< so Auer ee mee eee Ree Roe ld ea 8 |} 6 | 1 
iz abixeessively Neavy venicle!<%525 26252228. 8128. soee eles 4 | iG Dk hic 
iS MOLOLEIMADOME=S scate st alee ba. beet es ead PERE ee 17 | 14 | 7 
Pee RMOLOLLOUTING Cate. sakes cee eae eee Se one eS eee NUN 82 | 93 29 
i pietinaded ToLorG@my 286. es. ces 2 Ae cies te ees eee w ee as es | 5 6 2 


SOLU eOaod MROLORUPAY see a2 yee tee eee eae cae 2 31. ieee ase eee 
1 Very heavy vehicles, such as carry ore, stone, timber, machinery, etc. 


BRADLEY LANE, MONTGOMERY COUNTY, MD., 1915. 


BITUMINOUS MACADAM, OIL-ASPHALT. 


Description of the original construction of this experiment on 
Bradley Lane appeared in Bullet No. 407, U. S. Department of 
Agriculture. The following report covers maintenance during the 
last year and the condition of the road in the spring of 1917. 

At the time of construction in 1915 this experiment was top- 
dressed with limestone chips. Owing to the heavy traffic, all 
excess of this material was ground rapidly to powder and dissipated. 
In consequence, the wearing course stone became visible over the 
entire road, and in July, 1916, there was applied a surface treatment 
using a bituminous material represented: by the analysis given in 
Table 46, and, instead of limestone chips, a hard, water-worn, 2-inch 
river gravel. The quantities and costs appear in Table 47. The cost 
of this experiment to December 31, 1916, appears in Table 48. That 
the cost of maintenance was lower than that of surface treatment is 
explained by the omission of supervision and of a small distributed 
hauling charge from the total maintenance figures. The surface re- 
quired no repairs of any kind and had displayed no weakness, except 
at one point in front of the first driveway on the south side near the 
east end of the road. Here a very small area of about 2 square 
feet showed a few web-like cracks in the spring of 1916. The surface 
at the time of last inspection was in perfect condition. No dis- 
tinction has been apparent either m appearance or wear between 
the plain oil-asphalt macadam and the sand-oil-asphalt grouted 
macadam, and henceforth the entire road will be considered as a 
single experiment, reserving necessary comment only for the grouted 
section. A traffic census has been taken on this experiment, as on 
the others in Montgomery County, and the results appear in Table 49. 
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TaBLe 46.—Analysis of residual asphaltic petroleum! used in surface treatment of 
Bradley Lane. 


STE RIF Nani POG \ CLA AE ae eRe EER eahetnc 1C SVeNR OES Msn ety 0. 993 
Speeuie viscosity Pmeler tO iC. 50 Ch, Cas. yee sek eM Ne id Cali sac) 13.0 
J RUGE NS HERTRENE AS TEL OR. TE yer 100 (oI Ae ee PaO RR cE Ce Ae eae eS ce aL 28 
ossaiind see enous» 20.erams’ percenter: Gove ee EE. te on Me nbd dL iey yl 
RiGextuest OUMestdtres. 0 ,. C2 VSECOMGS «65. creek OIL CN ae ah ie le a 151 
Per cent of total bitumen insoluble in 86° B. naphtha. ..................-.-.- 18. 63 
LESTE Cay, HISCEYE |G Ta OO) OU a elit ka a eae CEMA NUIS (ald nda La SA Lag 11. 25 


Bitumen soluble in CS, (total bitumen), per cent.......2/...:..2.-0.+.----- 99. 89 
Oreaitenaaiver insoluble, per cent. )i 4.22 0 $2.8 e ee ee es cs Nl . 08 
imerzanle matter insoluble, per cent. 2.022050 222 ee ite 103 

UNOTRON chp TATRA SW a ODN RDN UR SISO nc OA UR 100. 00 


TaBLE 47.— Materials and cost data for surface treatment in 1916. 


Solgfee OSES) 2 TEN A Bs RAT 0 Ti RA a ee A square yards. . 6, 788 
Quantity of material per square yard: 
EST GULITUTTNO US ITTE GOL LED Speers eat eve ne et ti RMN el A De i VR UNNI OER NY PSU AE RN Te gallons. . 0.195 
CUE) een SOBRE ISN SEs A es TET ey EO Aa Oe Te ee a Ua cubic yards. . . 0113 
Cost per square yard (cents): 
ES UGLIETUTIOLISHTIN LOGI sere eon ew psp cual 2c Les cel tks CU aE Nagy aie tae eau ins Ron eR 2.15 
GEA VOM peste ee nh a RR Ties Us CAE RIND RI ILE ape ell AOL Te NUN RUAN Ra BOL ca 2. 90 
Cleaning Suriace. s 220. 3. 2 see te aoe . 28 
Hauling materials . 82 
PADD LYATE) DILUMINOUSMALCEIAIS: 45 pes Mime a Ee i ae Cl Mae aie age Oy AeA - 80 
badjoya) bya tia tes fete ra Lips a YG Ufa ee aCe) Cee wa I I Be IV TE VU GSE eA PAL Re gh ~42 
ULC VISION ete ae eevee eee oie HON A TS See gy nL TE Seer ee com IL NR NOMS UD . 62 
AMO eM SP a SO a AS CT SOI Lg Rp Ae Ne TARE pa Re MG a, MRR ca 7.99 


TABLE 48.—Surface maintenance costs of 1915 experiments, Bradley Lane, Montgomery 
County, Md., from Jan. 1 to Dec. 31, 1916. 


Cost per square yard. 
Mainte- 
Experiment No. Peneuntot Area. nance cost 
q Construc- | Mainte- Total per mile. 
tion. nance. e 
: Feet. Sq. yards. Cents. Cents. Cents. 
episteebichcns eon cincic caiscciseaies 3,614 6,421 32. 84 
5 Sioa ee a ane Rs Naa Sere ape 40.48 | 2 $684.31 


TABLE 49.— Volume and character of traffic on Bradley Lane, Jan. 1 to Dec. 30, 1916. 


Twenty-four-hour period. 


Maximum. Average. 
East West East West 
bound. | bound. | bound. | bound. 
SEP MACCOM-VOTSAWASON: 2 be) ab ieee odie ee see cee dee eel 11 15 6 7 
Za UMIORAed 2Z-HOrsEIWaeON. slo. Bol Me EE 12 13 5 4 
a) ewoadedi2-Horsawacone ss. Aish ate re a 24 14 10 6 
AmUElorded2Z-Horse waconen sa ah ee eee OA oe 8 18 2 6 
boiled A-HOrse. Warton, os) f2e tie OO ee oN ea ie 3 3 1 1 
Grawmlgaded 4-horse, waren. of) toe sake 1 OPC IRA 8 fs ake hyen ar a se 
ft One-norse pleasure vehicles si.) ee 11 8 3 4 
SHEL wO-MOrsepleasiire VeOniCle) Miss ois0 seek ese lee, 1 Dyili seas ewe alte Mee eee 
Sil ere wer-lined MOrse VEMICl@: cites ee erases ee we ele 2 ep A ees 2 ee ea 
RUBS ada oorses ec eas eal ee ae ewe SSD re 6 4 1 1 
PERISMOLOMGCY.CloMsete cei ume ee athe Le 37 42 9 10 
12 | Excessively heavy vehicle3..................-.-----0--- 4 4 1 1 
ASa PM OCOMEUNADOUTH aya hei e oe  y eae NE) Le Ee ree 95 88 27 33 
Ia Motor telirin® Gar... ee bes Nan OUR SS 436 493 141 160 
Lan WIG AG CGSTTLOLOMGr Aya ree: te deh pe iy pe oh a. sew lye hee pete | 35 4] 18 24 
MORI IMOAUGU THOLOROTAVS hs. oho o 0 neous co due ekoe eee 10 13 + 3 
1 Viscous, sticky fluid. 2 Width of surfacing taken as 16 feet. 


8 Very heavy vehicles, such as carry ore, stone, timber, machinery, etc. 
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WASHINGTON, D. C., 1915. 


BITUMINOUS CONCRETE. 


These experiments, constructed on the wing drives at either end of 
the main building of the United States Department of Agriculture, 
were described in Department Bulletin No. 407. At the time of 
inspection the surfaces were in excellent condition. They had had 
no repairs and required none. The only noticeable difference between 
the two experiments was the darker appearance and slightly closer 
texture of the surface constructed according to the District of Colum- 
bia specifications. 7 

BUENA VISTA, FLA., 1915. 


RESIDUAL ASPHALTIC PETROLEUM-CORALLINE ROCK. 


This experiment was intended to serve as a check on section 6 
of the Biscayne Drive experiments begun at Miami in 1913. The 
original report of the Buena Vista experiment appeared in Bulletin 
407, U. S. Department of Agriculture. The following report is 
based on an inspection made December 22, 1916. 

The traffic on this road has been very light and at the time of the 
inspection there was no evidence of wear on any portion. The 
surface showed some evidence of deterioration, however, from other 
causes. The following points were noted particularly: 

(1) Uneven bleeding, due either to lack of uniformity in the 
original distribution of the bituminous material or to segregation 
of the different-sized particles of the aggregate. As a consequence, 
the surface presented a mottled appearance, and where sand had 
been added to the ‘‘fat’’ spots a surface mat had been formed, 
but because of the nature of the bituminous material this mat had 
not become bonded down firmly as a part of the road, but was 
easily loosened and scattered. 

(2) A trench had been excavated across the road to receive a 
pipe leading to a pump house on the side of the road. After the 
trench was backfilled the road surface was tamped back in place and 
treated with oil of the kind used in the original construction. The 
surface over the trench was about three-fourths of an inch high, 
but otherwise satisfactory. | 

(3) About 50 feet of the south shoulder, near the pump house, 
was low and the surface showed a greater tendency to ravel here 
than on other portions of the road. 


JUPITER, PALM BEACH COUNTY, FLA., 1915. 
OIL-ASPHALT-SAND, 


The original report of this experiment appeared in Bulletin No. 
407, U.S. Department of Agriculture. The following report is based 
on an inspection made December 21, 1916. At that time the road 
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had received no maintenance since its original construction in 
April, 1915, but was in fair condition. The surface had the general 
appearance of a road over sandy loam, except that the ruts of from 
14 to 2 inches were shallower than is usual with road surfaces of 
loam. The ruts in the naturat sand road adjacent to the experi- 
ment were from 5 to 7 inches deep. Since the inspection of Decem- 
ber 10, 1915, which was mentioned in the original report of this 
experiment, the coat of loose material on the surface had decreased 
in thickness to a minimum of about one-fourth of an inch and a 
maximum of about 1 inch. The path worn by horses in the center 
of the road was hardly noticeable. Instead of following the center 
line of the road, travel had followed a curved path, and near the 
center of the section the track was extremely close to the north edge 
of the surfacing. This no doubt was responsible for failure of the 
surfacing in several spots along the north rut, though some of the 
weak spots could not be explained in this way. The following is 
a list of the spots where partial or total failure has occurred, and 
which need immediate attention: 

18 feet from east end of experiment, hole in center of road. 

24 to 30 feet from east end of experiment, north one-half of road. 

39 feet from the east end of experiment, center. 

45 feet from east end of experiment, north rut. 

66 feet from the east end of experiment, north rut. 

71 feet from the east end of experiment, center and north rut. 

84 feet from the east end of experiment, center. 

100 feet from the east end of experiment, center and north rut. 


~The county officials at the time of inspection were preparing to 
treat the surface with asphaltic oil which was used extensively in 
construction of coralline-rock roads at the time. It was expected 
that such a surface treatment would check the disintegration at the 
points noted above, as well as prevent other defects from developing, 


WEST PALM BEACH, FLA., 1915. 


BITUMINOUS SAND. 


In continuation of experiments Nos. 1 to 7 a section of sand- 
asphalt or bituminous sand surfacing was built in January, 1915, 
as experiment No. 8. Its construction is described in Bulletin 407, 
U. S. Department of Agriculture. This section was inspected on 
December 11, 1916, and its condition was as follows: 

Expervment No. 8—Bituminous sand.—The surface showed waves 
at quite regular intervals. The sheet was intact, tough and very 
slightly calk-marked and pitted. No failure was apparent at any 
point and no difference in behavior of surface appearance was notice- 
able in the various parts of the experiment. 


44 BULLETIN 586, U. S. DEPARTMENT OF AGRICULTURE. 


OCALA, FLA., 1915. 


OIL-LIMESTONE, SAND-ASPHALT. 


The original report of these experiments was published in Bulletin 
No. 407. U. S. Department of Agriculture. The following report is 
based upon an inspection made December 16, 1916, when, judging 
from the general condition of the road surface and shoulders, it was 
apparent that the experimental sections had received no maintenance 
since their construction. 

Experiment No. 1—Limestone, residual asphaltic petroleum; pene- 
tration method.—The surface of this experiment appeared somewhat 
rougher than a year before, as the defects in construction showed 
more prominently owing to continued wear. At the same time this 
experiment demonstrates that with suitable care in construction a 
very satisfactory road can be built by the penetration method, 
using the soft Ocala limestone. At the time of inspection the section 
showed some areas which had pitted, owing to the excessive wear 
on large exposed fragments of stone or to picking out of individual 
pieces. In a few other places there had been apparently faulty 
distribution, owing in some instances to the wearing course having 
been bonded too tightly before the bituminous material was applied. 
Traffic is concentrated on a 9-foot strip and the wear has been quite 
uniform in the wheel tracks. Outside of the traveled way there was 
little evidence of wear. A seal coat over the entire section probably 
would prove of material benefit to the surface. 

Expervment No. 2—Sand-oil asphalt.—This experiment was in 
practically the same condition as when completed in the summer of 
1915. At the time of inspection there were some slight waves or 


depressions which appeared to have deepened little since construc- . 


tion, but at a few of the joints in the work slight depressions had 
formed. In a few places at the sides of the road, where there is no 
traffic, very slight cracks were apparent, but no cracks were eyi- 
dent where traffic exerts its action. In some places the limestone 
shoulders had worn considerably and needed immediate attention. 
So far as could be observed, the varying character of the base had 
caused no differences in the appearance of the surface and, as a 
whole the sand-asphalt experiment was-in excellent condition. 


LEMON CITY, FLA., 1914. 


OILS, TAR PREPARATION, CALCIUM CHLORIDE-CORALLINE ROCK. 


The original report of these experiments appeared in Bulletin 
No. 257, U. S. Department of Agriculture, and a subsequent report 
of an inspection in Bulletin No. 407, U. S. Department of Agricul- 
ture. The following report is based on an inspection made Decem- 
ber 22, 1916: 
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In September, 1916, a treatment of crude oil was applied to the 
surface by the county road authorities. At the time of the inspection 
the surface was in good condition, except for one spot 115 feet from 
the north end of the sections. This spot is about 4 feet wide and 3 
feet long and shows excess bituminous material and sand varying 
in thickness from three-quarters inch to 14 inches. The depressions 
noted in Bulletins Nos. 257 and 407 were not noticeable. 


WEST PALM BEACH, FLA., 1914. 


OIL, TAR, AND OIL-ASPHALT WITH CORALLINE ROCK. 


These experimental sections were constructed about 2 miles south 
of West Palm Beach in May, 1914. The original report giving details 
of materials, methods and traffic, is published in Bulletin No. 257, 
U. S. Department of Agriculture, and supplementary report of con- 
ditions in Bulletin No. 407, U. S. Department of Agriculture. 

The work was inspected on December 11, 1916, and the condition 
of the sections at that time was as follows: 

Expervment No. 1—Residual asphaltic petroleum, 2.3 gallons, 
penetration method.—This section continued in very satisfactory 
condition. More of the seal coat appeared to be left on the first 
section, station 0+00 to station 0+50, than on the second section 
of the experiment. A small hole left open at approximately station 
0+25 is now an irregular opening about 44 by 44 inches and the 
edges show no tendency to travel. Where the seal coat is gone, 
the stone showed a mosaic surface with the exposed aggregate worn 
flat. A wooden block, unintentionally left in the surface near the 
right side at approximate station 0+75, and another near the left 
side at approximate station 0+85, gave indication of very little 
wear. Seven small pits in the surface were counted near the north 
end of the experiment. Both sections of the experiment would take 
a seal coat of about one-tenth gallon per square yard to advantage. 

Expervment No. 2—Refined coal tars, 1.3 gallons, penetration method.— 
A hard, rather than leathery, seal coat was intact on about 60 per 
cent of this experiment, but where breaks occurred there was a 
marked tendency to pit. <A block left in the surface at approximate 
station 1+79, 24 feet from the right-hand side, gave indication of 
very little wear. 

Expervment No. 3—Refined coal tars, 1.2 gallons, penetration method.— 
This experiment presented a mosaic appearance and showed a pitted 
area approximately three times that noted at the inspection one year 
before. Apparently the tendency to pit was greater in areas where 
excessively large aggregate occurred and possibly also over pockets 
of very fine aggregate or dust. This latter might have been pro- 
duced by the breaking up of large aggregate by traffic and not indi- 
cate fine material in the original construction. From approximate 
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station 2+44 to the end of the experiment, a crude-oil seal coat was 
applied and the pitting somewhat reduced. At approximate sta- 
tion 3+40 a mark across the experiment, which appeared to be a 
heavy lapping was very noticeable and considerable pitting occurred 
on both sides of it. 

Experiment No. 4—fResidual asphaltic petroleum, 1.4 gallons, pene- 
tration method.—A noticeable line at approximate station 4+15 dis- 
tinguishes the two parts of the first section of this experiment. The 
first part showed little tendency to pit where the mat was entirely 
gone and the sand mortar tended to wear away from around the stone. 
The mat was approximately 60 per cent intact on this section. On 
the second part of this section the mat was three-fourths gone and 
the aggregate exposed had a mosaic appearance. The sand mortar 
generally wore from around the stone. Section 2 of this experiment 
had a mat of a dead drab appearance more generally intact than that 
of section 1. The section showed a slight tendency to pit. 

Experiment No. 5—Oil asphalt, 1.8 gallons, penetration method.—This 
section continued to show little change in appearance, except that the 
wear on the mat was marked by lateral streaks, which may indicate 
application lmes. There was some tendency to pit where the mat was 
gone entirely. A plug hole at approximate station 6+14, about 4 
feet from the right side, showed a very little tendency to ravel. 

Experiment No. 6—Oil asphalt, 1.5 gallons, penetration method.—This 
experiment was in practically perfect condition, except for normal 
wear. 

Experiment No. 7—Coralline rock, water-bound macadam.—This 
experiment showed considerable wear, approximating one-fourth inch 
in depth generally over the whole surface and 2 inches or more over 
most of the cross section for a distance of several feet from its junction 
with experiment No. 6. 


MIAMI, FLA., 1913. 


OIL-CORALLINE ROCK. 


The original report of these experiments appeared in Builetin No. 
105, U. S. Department of Agriculture, and subsequent reports of 
several inspections in Bulletin Nos. 257 and 407. The following 
report is based on inspections made on April 24 and December 22, 
1916. During April a sewer trench was cut through the experimental 
sections. An examination of the surfaces at that time showed section 
No. 3 to be in fairly good condition. Sections 4 and 5 were failing 
and in a very poor condition. The bituminous material showed a 
penetration of from three-fourths to 1 inch. Section 6 was in excel- 
lent condition and showed no signs of local failures or undue wear at 
any point. The bituminous material showed a penetration of from 
14 to 12 inches. 
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In December Biscayne Drive and all the experimental sections 
received a top-dressing of light crude oil and coarse beach sand for 
the purpose of keeping down the dust during the tourist season. On 
December 22, when the road was last inspected, section 3 could hardly 
be distinguished from the surface-treated road adjacent, but it was 
evident that no serious break had occurred. Sections 4 and 5 were 
distinguishable by the numerous particles showing on the surface. 
Section 6 was in perfect condition, with the exception of the new 
surface over the sewer. 


RESUME OF PREVIOUS REPORTS. 


These experiments are located on the Biscayne Drive about 2 miles 
north of Miami, Fla. The road connects Miami with Fort Lauderdale, 
Palm Beach, and other cities along the east coast, and is subjected to 
a fairly heavy mixed traffic. The purpose of these experiments was 
to obtain a satisfactory and permanent surface from the use in con- 
struction of a selected bituminous binder with the native coralline 
rock. Table 50 indicates the method of construction of the experi- 
mental sections and shows their condition at the time of several 
inspections since construction. The tabulation shown has been pre- 
pared from reports of inspections made by this office, published in 
Bulletins Nos. 105, 257, and 407, U.S. Department of Agriculture. 


a Se oe 


BULLETIN 586, U. S. DEPARTMENT OF AGRICULTURE. 


48 


‘loAOVeyA sayeder ou poarnb 
-O1 pey puBw UOT}IPUo0dD 4UET 
-[99XO UT [[1}S SBA. WOT{O0S SIYT, 


‘Arprder Surpquan1a 
Sem pues JoMod OATSoYOd s4L 
4so[ pvy [el107eur snOouTUIN4yT 
‘1oquinu pue oZzIs UL ATYBOI 
poseo1our pey poyi0dor 
4SB] SojOy, PUB UOISSeidop WI0 A 
“9oRsaMS 
QFOYM OY} JOAO OSOOT sur 
-UL000q SBM WOOL PUB O[}4TIq, 
eulooed pey sopurq ‘A[prdes 
BULYVIOLIOJOP SCM WOLJOOS STUY T, 


“GT6T “uve 
yo uormoodsur ut poyiodor se 
DOLMIpuod oUNeS Ut AT[BOIORIg 


‘(OMYMOLISV Jo 
quomjiedeg *g *) ‘20 ‘ON 


UNOTME) SI6T “ood UOrrpuog | UNOT[NE) G16L “WBE UOL};PUOH | UIVOT[NE) S16T 


*MOT}90S SIT} JO MOTYCAVTO 
OdVJANS MOOG Your T ynoqe 
UIOM pvOl poyeorun UV 
-e(pe SUOLyIpuod yuo[[oOxXe UT 


‘ICOM JO OOUOPTAO [[CUIS OACS 
pue poAdosoid {Jom UWoT,00s 
SSO1D SUOTJIPUOD YueT[e0xe UT. 
* 001 OUTT['%.100 
WTA poyoyed toed pey ‘aor, 
-00S OY) WNOYSNoIYy poynqr414. 
“SIP Bole UL 400} OreNbs Z 04 
J1y-euo wow Sursue1 suoTs ‘oUt SIq) 07 dn pedo 
-Sordop W10.M J] {oS1n0d0 eU04s jesep OA BY SOTOY [CUS 90.1 
jo ujdop suronpoa ur Awo [uo ysnoyy[e ‘p pus g ‘SON 
-0000 ou ATyUeredde {100d A190 A | SG AdOQOVISIYeS SB you GovJANg 
‘opeul suredoed our0s SUOT} 
-098 OY} JO O[pprlul oY Yy.L0u 
asnt peer soovjd WI0M Jo 
dnois @ fg aoryo0s Se £1040} 
-S1yes SB you Suorrpuoo aTey UY | "ON SB ous ONY AT[COTyORI,| 


*po1moo00 
eACY SYvoiq ou SYsnor veya 
-ONL0S UIOM SsBy 4t Ysnoyy 
-[@ ‘UOlyIpuod poos Ajarey uy |°~““MOL4PUOd ArOyoVIsST}es A190 A 


“arese UO 


poj10dor 0g JOU TIA {4no0 WIO MA | *“aortpuod 100d A190 A 


“9ovj.ANS 
3901 OUI[[V109 PLO HO poyyour 
WOr4Vijyouo surtso; dure 


“urede 10 jo Aqryprqeormovrdur pomoys 
pej10dei oq you] ITM {4n0 UO MA | UOTJOeS SuOLyTpPuoD peg AJOA 


) 


*posn SCM pues JopureuIO! OY 19AO ‘suIssorp doy 
GB SB POSN O1OM SSUTUOOIOS OUO}4S OX-+- TT WO14B4S 04 GG+-TT UOT4e4S 
UWLO1J ‘SPIOA OY} YSN 0} YsnouS seVA YOryA ‘pred orenbs 10d 
OTIS | JO 048s OY} 4V Por[dde sem [10 ‘peos popvasd oY) WO soqourL 
€£ jo y\dop esooyT @ 04 pvoids sem pourejos WOTZI0d OY) pure W9010S 
youl-2 @ 10A0 possed ou04g—710 hianay “Joy—poyjow UOlYoMaUad 


*posn. 
010M SSUITOOIDS YOOI GG+-TT 01 28-+-0T Woy pus Burssorp doy 
G 1OJ POSN SVM PUBS 28+OT WOLC4S 04 94-6 UOTVe4S WOdy souypur 
FI JO SSOUYOIY} OSOOT BOF POONPOI SCA OSANOD OOS OY) 4eU4y 
ydeoxe ‘p WOTO0S sv OULeg—*720 havay “Joy—poyjaUW UOLOLaUIT 


*poq.1osqe sem [10 oy) [@ A[peorovad {Burpues orOJod simoy 
¢ puvys 04 pomo][Vv pus pavd orenbs tod uoj[es 170 JO 0484 OY Ye 
porpdde sem [ro ‘poT[oa ATLA Boy SBM OSANOdD OU04S OLY VeUY Ydo0xe 
‘GON JUOULLIOd x9 04 LelLOUTgG—" 720 7462) ‘pjoa—poyjaw WoYjn.jaUa T 
*Z UOT}OOS UL 
SB po[O1 puw popues oovyins {paved ouends 10d UoT[es 9'0 JO 0484 
ou} 4B Penge Ue joy {punogseyVMm ATIYSITS ouUL090q 04 oORJANS 
posneo Zurjoa duranp sures yas SATs] Aso polos sry ‘esooy 
soyoul Fz JO yAdop &B 04 pvolds OU04S PoMooOLOSUN MOU JO OSINOd 
® puv PopAZOI OOVJAMS P[G —'720 havay “joy—poyjaw CG Tk 
“ured Aq 
poiopuryg ToToNA4su0o sen pe pus popues svaM oovyMs oy dur 
-ULOOIG SNOAOSIA 104) ‘paved orenhbs 10d UOoT[VsS G*O JO 0VVI OYY 4B 
pordde {10 1Y BI] “plod pue uvoezd 1doMs ooRjAMS /puNnod10jeM pues 
pIpeViso.s ‘PoYLvos OOVJ.ANS P[O—'720 14.62) “pjoo—jwauLjnawy aovfung 
“ssooons Jo osrmm01d. 
[[Curs 0ACS YHOUTTIOd xo {yoVID PUG OACM 0} ODL.ANS OY Posnvo 
BUL[[OI 104°C] are pue Jurpues o10joq samoy zZ Ui eos 04 
pomoy[e puew paved orenbs 10d uoyrpes 60 JO oyer OY} 4@ porpdde 
[10 4UstT ‘pjoo ‘seqour z Jo YAdop &B 04 OSOOT 4Jo, PUB ‘popLAdoL 
poylieos oovjMs PplO— 710 761 “pjoo—poyjau, WoUnsjauad-1Wag' 


*(OIMY[NILIS VW Jo 
quoury1edoq "8 “0. ‘GOL "ON 
‘00d, UOT}Tpuo/y 


‘(OMAMOLIS VW JO 
quouryiedod “g “Q ‘19% “ON 


‘(OINyNoLAsy Jo yuouryredoqy *s “_y ‘GOT 
‘ON UMMOT[NE) SIGL UL WOTJONAYSUOd [eUTsIIo OY} Jo UOLydTIOSOq 


LOT 


6&2 


LOT 


002 


“yysuoy 


mor00g 


“DI “VUUDI, 70 spuamiwdaxy— YG ATAV 


DUST PREVENTION AND ROAD PRESERVATION, 1916. 49 


ROCKVILLE PIKE, MONTGOMERY COUNTY, MD., 1913. 
SURFACE TREATMENTS ON WATER-BOUND MACADAM. 


The original report of these experiments was given in Bulletin No. 
105, U. S. Department of Agriculture, and reports of inspections 
appear in Bulletins Nos. 257 and 407. The following report describes 
the condition of experiments on February 21, 1917. 

Experiment No. 1—Refined coal tar, hot application.—This experi- 
ment continued to give trouble. Although the entire section was 
retreated in July, 1915, it became necessary to re-treat that part of 
the section, which was added in July, 1915, as described in Bulletin 
No. 407. Disintegration of the surface on this northern portion of 
the experiment had become so rapid that ordinary repairs were not 
adequate, and on October 18 to 21, 1916, the same bitumimous mate- 
rial was used as in the original treatment of Experiment No. 1, an 
application of 0.33 gallon per square yard being made. On account 
of the lateness of the season and the possibility of low temperature, it 
was decided to broom the material in order to assure thorough contact 
with the old surface. The tar was delivered directly from the stills 
in tank wagons equipped with fire boxes and the material was dis- 
tributed by gravity through a flat nozzle and thoroughly broomed. 
The material was applied uniformly and carefully in an effort to get 
the best. possible results. The characteristics of a typical sample 
of the bituminous material are given in Table 51 and the cost data 
and quantities will be found in Table 53. 

At the time of the inspection the entire experiment was in bad 
condition. South of Bradley Lane (the original experiment No. 1) 
the road was badly worn and had areas with large numbers of cup 
holes. 

Considering the traffic on this section, the road is too narrow and 
the edges suffered severely on account of the frequent turning out of 
vehicles. North of Bradley Lane, which was re-treated as above 
described, the conditions were but little better. The road showed 
the same weaknesses and was requiring more bituminous patching 
than could be done in the season. It appeared probable that the 
entire section would require very heavy repairs and a general re-treat- 
ment as early in the spring as possible. 

Expervment No. 2—Refined water-gas tar, cold application.—As 
contemplated in the last report, it became necessary to re-treat this 
section in July, 1916. Characteristics of a typical sample of the bi- 
tuminous material used are given in Table 51, and the cost data and 
quantities in Table 53. The general condition of this experiment at 
the time of inspection was excellent, and generally the mat was hard, 
unbroken, and uniform. 
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TABLE 51.—Analysis of refined tars used in re-treatment of experiments Nos. 1 and 2, 


Rockville Pike. 
Experiment No.1. | Experiment No. 2. 
BIGUMINOUS Materiales cece ee ess ae ec Hose ean ee ees Coal tar refined.... ce aoe tar re- 
Characteristics sas (eee oe cettece ee eie Beer neo ce eee eee ee Viscous, sticky .-...| Viscous, sticky. 
Specilicioravity 250/25o( Caines see oe a ea TE 710) ah Ee a Se 1.140. 
MOA TESTS 2PiC SISOCOMGS Faye ie eyes a ee epee eee Se eee Saaac 
Specific viscosity, HnglertiQieve R50 UNC 2 [seeks Sek: ee SO Eee ee 19.4, 
IPEriCONnG ITO CAN DOM: sac cinco issn one Se cee eee ae teae ee eens SOON aoc ee eee 2.91. 
Per cent | Per cent | Per cent | Per cent 
y DY Ne Dy 
volume. | weight. | volume. | weight. 
Distillation: 
MirshhightOus CLOWIOS Csr acc. on cian came cs Stee oe eR SOURS Reeser Ieee enoee 30. 20 0.14 
Secondiligh tioilsiG1O stom 70PiCS) et eee ee ee a ee ee 3.10 - 08 
HGAVVLOUSIGLLOS tO2702 Coe. cenaeen sac clgecianianae cre sete 113.4 11.0 2 22.08 19. 81 
EeavycOs(260 eto s00LCS) as sa Se ae a eek ee 27.8 6.5 12.04 10. 82 
Pitchiresiduossancrte sees oe cere tow soso bac cee ote eee eee 78.8 82.5 65. 58 68. 82 
CLO Ls eee aaa ieicrat ore SRR sen cre eee See ela] oe 100.0 100.0 100.0 99. 67 
1 Solid. 2 Clear. 3 Cloudy. 


Expervment No. 3—Asphaltic petroleum, cold application.—The ac- 
tion of this experiment is so well known that little description is 
necessary. Its conduct during the winters of 1915 and 1916 was 
thoroughly characteristic, and in June, 1916, it became necessary to 
re-treat as usual. The work was done by hand, as described in the 
last report, using the same bituminous material originally applied 
with torpedo sand as top-dressing. Table 52 shows the character- 
istics of the bituminous material and cost data will be found in 
Table 53. | 

All bottoms and all but the better drained slopes were thoroughly 
wet; one or two breaks had occurred near the top of the hill 600 feet 
from the south end of the experiment. The necessity for patching 
and re-treating during the following summer was evident. 


TABLE 52.—Analysis of asphaltic petroleums used in re-treatment of experiments Nos. 3 
and 7, Rockville Pike. 


Expat Experi- 


men ment 

No. 3 No.7 
Specific gravity DBSIRD? Cas SOURS he MRO ICO. EV GRC RUS 8 aca ee Uae 0.945 0.952 
PBL AG TN TD OUTING: SHO) eyelet ete ees eat See tees ne Joy ft co EU GL As 37 18 
Burning PGI G7C,) asa. acner eee shes nese cee e mente tae ace ca Ae See cnn tere eee 93 30 
Specific viSCOsity, ee neler HO CnCsn doe Cee cee eee eee eee oe eee eee 97.5 90.9 
Loss at 168° C., 5 hours, 30 grams, POLICONE. ECE See R RNs er ee ae ee ee ee 26.09 24. 42 
Float test on residue, 50° C. ES OCOTGS tice a we iets aise eer ee ee a ee ae ee 101 118 
Per cent of total bitumen insoluble in 86° B. naphtha te3.0 22 ee a eee 14. 67 10. 47 
Per Cont xed carbone seasace ce cs cicistes © avatraicic io eee eee eine eee ene eee eae 8.5 4.50 
Bitumen soluble in CS, (total Den DOL CONG. aceon nice vee ease ee ean 99. 85 99. 92 
Organicmatter insolubletes 34 2). Soe Ca ES CR ee eee eee Eee ee a5 -05 
TNO PANIC ATALLED INSOLUPIO ccicc ce ee eer ea ee ee areca acne eR .00 .03 
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Experiment No. 4—Residual asphaltic petroleum, hot application.— 
Although section 4 had been patched heavily for over a year, it was 
decided in the summer to attempt to carry it through one more win- 
ter without general re-treatment. It was somewhat doubtful whether 
this was the best policy, for the section was acting very much as 
section 7 did during its second winter when re-treatment was post- 
poned. There were a great number of breaks, small but prevailing 
generally over most of the section, showing more or less uniform fail- 
ure of the mat. At some points a slight rutting had begun and made 
probable the necessity for very heavy patching and re-treatment 
early in the season. 

Experiment No. 5—Residual asphaltic petroleum, hot application.— 
The condition of this experiment was comparable with that of expe- 
riment No. 4, although the disintegration did not appear to be quite 
so uniform. Though the surface was wet in all bottoms and poorly 
drained sections, there were larger areas almost intact. On the wet 
sections, the mat showed a tendency to break and form mud and 
considerable patching and it was thought a general re-treatment would 
be necessary the following summer. | 


TasBLE 53.— Materials and cost data for surface re-treatment, Rockville Pike, in 1916. 


Experi- Experi- Experi- 


Experi- 
ment No. 2,| ment No.3,| ment No.7, 
Item. ee NO refined | asphaltic | asphaltic 
tar (hot) water-gas | petroleum | petroleum 
* | tar (cold). (cold). (cold). 

JSGT TIS bee Be OO Oe Ep ap Ieee r Bee eceee square yards... 4,825 7,475 12, 333 11, 148 

Quantity of material per square yard: 
IBIOMIMNOUS MALeMal ei. se eae eRe gallons. . 0.383+ 0. 157 0. 154 0.16 
GravOlemsen dence scl sccm case dcsetes cubic yards. . .011+ Py 0 ah Pe ar en (ate OE 
SHIGE Sacdagsccondoee pepe Bene A Soe eae aer SOpeeeE CORE Ss | eee Meee Sees oe 011 01 

Cost per square yard (cents): 

IG OIMMOUS TIALONIALS F245 ok) atta ook ok oiwie cin saes 3.00 1.71 1.65 1.92 
(Ore) be Coat, Son Seba OCdOOB ES 6b BEOBEE Ate BCS r rc cie 2.93 Be2T OS SE ey os ale ener seers 
HTTG bo A OG cb Sp COGS CEU ORUDBE COD G Ob Od SRE HO GR OORA SHEA SEEM Seerean Ree ree aie 2. 86 2.76 
ACI Gari PISUMIACRR a areratee ats eisiieistea aetna ee ate ehse ss ci 27 -07 08 05 
Rabin pemiabenials apse ses te nese ae orein' = wrote ea. are wien era elect 41 59 - 82 
Applying bituminous materials................---. .16 . 29 Foil 22 
AP Plyine GANG OLSTAVOL= 50 asa cae int auieeh caso 22 26 . 22 -30 
SUE AR OE. —ocscccgedboesbsssbapacoobecdesoncn sous 22 32 . 24 24 
LOLA eee cc cc ce oe ais ee cain se aes selects 6.80 6.33 5.95 6.31 


TABLE 54.—Surface maintenance cost of experiments on Rockville Pike to December 
31, 1916. 


Total cost | Surface | Totalcost | Surface 
persq. yd.| mainte- | ofsurface | mainte- 
Experiment No. Length. Area. rior to nance per sq. yd. nance 
ec. 31, | persq. yd. | to Dec. 31, | per mile for 
1915. during 1916. 1916. year 1916. 


Feet. 8q. yds. Cents. Cents. Cents. 
9, 060 15, 100 27.70 . 26 


BRE ese a Serta whe se ee erek wren ; F 7.7 5.2 32. 96 $462. 88 
Desa eae el sale eta Siew sisie'e ccc e 4, 425 7,375 18.89 6.83 25. 72 601. 04 
Bee esrb ears ge. del a 7, 400 12,333 20. 42 6. 87 27.29 604. 56 
Be erecta a a sale ae aaa Sas aes soe 7,100 11, 833 15. 21 2. 41 17.62 211. 20 
okt CHAR SS oe S SIO COM CE BOE 6,775 11, 292 15. 32 2. 21 17. 53 194. 48 
We SS A ES IER ED es eS era tee ale 6,325 10,542 27.53 1.34 28. 87 117.92 


(6 6 SSUeE EES REE SAC REE SIR ee 6, 689 11, 148 20. 41 6. 87 27. 28 604. 56 
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Experiment No. 6— Water-gas tar preparation, hot application — 
The re-treatment of this section in November, 1915, put the surface 
in first-class condition and at the time of inspection it showed little 
wear, no breaks, and only a few small areas where moisture had per- 
meated the mat. In general, the surface remained in fine condition. 

Experiment No. 7—Asphaltic petroleum, cold application.—As con- 
templated in the last report, this experiment required re-treatment 
early in July, 1916. The characteristics of the bituminous material 
used are given in Table 52 and the quantities and cost data are given 
in Table 53. At the time of inspection the surface was in good con- 
dition for the season. It had not become so muddy as usual and the 
mat was much more uniform. ‘Traffic census had been continued, 
regular counts having been taken for a 24-hour period every thir- 
teenth day. A tabulation of the maximum and average of each class 
of traffic for the calendar year 1916 is givenin Table 55. Traffic south 
of the census station is on experiment No. 1 only; that north of the 
station is on experiments Nos. 2 to 7, inclusive. Maintenance by 
patrolmen was continued during the year and Table 54 shows com- 
parative cost data to December 31, 1916, for the various experiments 
included in this project. 


TABLE 55.— Volume and character of traffic on Rockville Pike. 
Section 1. Sections 2 to 7. 
Maximum. | Average. Maximum. Average. 


North | South | North | South | North | South | North | South 


bound. } bound.} bound.| bound.| bound.| bound.} bound.} bound. 
1 | Loaded 1-horse wagon...-...---- 30 18 18 9 22 il 
2 | Unloaded 1-horse wagon..-...-.-- 17 31 7 i4 8 17 
3 | Loaded 2-horse wagon. .-.--.---- 46 20 28 i4 29 id 
4 | Unloaded 2-horse wagon....---. 15 41 = 13 6 28 
5 | Loaded 4-horse wagon...------- 5 6 1 i 5 5 
6 | Unloaded 4-horse wagon. .-.-.-- 4 3 ig Eee 4 1 
7 | i-horse pleasure vehicle.......-- 22 21 i2 li li 14 
8 | 2-horse pleasure vehicle.-.-.-.-- 2 ce ee Eee 1 i 
9 | Rubber-tired horse vehicle...... 2 74| Mae eee Be Ses 1 1 
LOM RST) Sih a ll 21 5 6 7 16 
bea Motor eyeles. 22. - £22 2-58 7 71 17 i9 57 61 
12 | Excessively heavy vehicle}..--| 23 7 2 1 3 3 |. 
13 | Motor runabout....--.-..-.------ | 105 110 50 50 82 | 87 
14 | Motor touring car.....-...------ 694 7 209 216 611 | 700 
15 | Loaded motor dray-.--.-..-.----.-- 66 30 40 32 41) 46 
16 Unloaded motor dray....-..----- 16 42 5 13 12 12 
i 


1 Very heavy vehicles, such as carry ore, stone, timber, machinery, etc. 


WASHINGTON, D. C., 1912. 
TAR PREPARATION AND OILS, SURFACE TREATMENT. 


The original report of these experiments was published in Circular 
No. 99 of the Office of Public Roads, and inspection reports have 
appeared in Bulletins Nos. 105, 257, and 407, U. S. Department of 
Agriculture. The following report describes the maintenance during 
the year 1916 and the condition of the experiments March 28, 1917. 
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Section No. 1—Refined water-gas-tar preparation.—Although it 
seemed, in February, 1916, that this experiment probably would not 
require a re-treatment in the summer, wear developed uniformly 
until the mat became so thin that it was thought best to re-treat. 
This was done by hand in October, and the quantities and costs 
appear in Table 58. The same type of bituminous material was used 
as in the original surface treatment and the covering was torpedo 
sand. Analysis of a sample of the bituminous material is shown in 
Table 56. At the time of last inspection, March 28, 1917, this exper- 
iment had a mat generally intact and uniformly worn. Near the 
north end there were a few small breaks in the surface near the center 
of the roadway. 


TaBLe 56.—Analysis of water-gas tar preparation! used in re-treatment of experiment 
No. 1, Washington, D. C. 


SERINE CONUS 7S Oe nn ee ee eee nse SAE see teste Sack i yalaly/ 
SPcotmeniscosttyetimoler, 00 C.,.OOPC. Con. on eae ok oo asin t ce cpyelapeenae aera 18.5 
IGE TRCCMIMITCE CALDOM creo occ s\a  oic'a = alan wise cis sale aia ate: eo alatoic aievelatain oyna atta tale 2.05 
Per cent Per cent 
Distillation: woliene! ween 
VEU nc ete Adee SACI eI IR ree eR SOE ree Irage Bee RL LAS So 0.0 0.0 
Biren he ols) (toms ©.) eos SOP OS Bs et 1.0 a 
secondslioht ols (O° toL707Ci)e2 - 44282 a eee ieee e2} a) A iB} 
Heavy oils (170° to 270° C.)......- RR RIEe ue haute ADE Me Mohn is 21 21.0 19.1 
FeaanOllsn (a0 gtOl aU C5) cers os cen cot teloals se blebs Ho alee 2 10.0 9. 6 
| Pvrel ay TSI 25 LCS epee ee Sy ea OE = 3 RD BL, NE RR 67.5 70. 3 
Te Geis 5 ee pores Be IES a NEC A I eR AS a 100. 0 100. 0 


During the autumn and winter of 1916 this experiment was sub- 
jected to a much heavier steel traffic than ever before, owing to con- 
struction operations on the department grounds. About 100 feet 
from the south end of the section a wide trench was cut through the 
roadway and was filled with cinders. A second trench, about 15 
inches wide, had been cut through at a point 275 feet from the south 
end, and when filled the surface treatment had been patched. At the 
time of inspection the fill had settled somewhat and probably will have 
to be repaired. Other than the repairs over these trenches, the surface 
needed slight repairs and a light re-treatment during the summer. 

Section No. 2—Asphaltic petroleum, surface treatment.—As con- 
templated at the time of last inspection report, this experiment re- 
quired considerable patching and a re-treatment during the summer 
of 1916. The quantities and costs appear in Tabie 58, and the char- 
acteristics of the bituminous material used are given in Table 57. 
This was the same as used in the original treatment. 


1 Fairly viscous fluids. 
2 The 270° to 300° C. portion showed 5 per cent insoluble in dimethy] sulphate. 
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When inspected on March 27, 1917, this surface showed a larger 
degree of failure than ever before. The first 175 feet from the west 
end has a line of ‘‘cup”’ holes, generally confined to the middle third 
of the roadway. The mat was smooth and almost perfect over the 
next 100 feet, and there were only two small breaks. Then followed 
another section about 40 feet long spotted with the characteristic 
“cup” holes. The mat close to the ‘‘cup” holes was unbroken and 
although many of the holes were not over 3 or 4 inches in diameter 
and probably 90 per cent not over 8 inches across, many were an 
inch deep and some as much as 1% inches. Along the last 200 
feet at the east end of the section, seepage,from the bank had done 
more damage than in any previous year. The “cup” holes con- 
tinued along this part of the road, with an almost intact mat between 
them. This experiment showed the need of considerable repair 
and a general re-treatment in the summer. 

Sections 3 and 4—Asphaltic petroleum.—Section 3 was repaired 
thoroughly in the summer of 1916 and given a re-treatment at the 
same time as section 4, and the same materials were used, so that the 
_ two sections are alike. Owing to the variation in past history, how- 
ever, the three sections, 2, 3, and 4, will be continued separately so 
far as necessary. The re-treatment costs for section 3 appear in 
Table 58 and the analysis of the bituminous material is given in 
Table 57. 


TABLE 57.—Analysis of aspleler petroleums used in re-treatment of experiments Nos. 
2, 3, and 4, Washington, D. C. 


Experi- Experi- 
ment /| ments Nos. 


No. 1. | dand4 

Specific BEavily PERT) FARO (Cae a ORS RB EA One so daca n een gnd apn ene coat enn SSs ees ean Sae% | 0. 950 fe 0.956 
Flash point (° C.).-.---------------------- +--+ 2-2-2 eee eee eee ee ee ee eee eee eee 18 | 28 
Burning point (° C.).--.----------~-----+- +--+ 2-2 ree ee eee eee er eee eee eee eee 7 | 50 
Specific viscosity, Engler 25° C., 50 ¢. ¢..-------------+-+++++++-2++-+-2222++ 222+ 108.6 | 187.5 
Loss at 163° C., 5 hours, 20 grams Hel a eer aS eo en Se 8 per cent.. 22. 45 | 28.23 
Float test on residue, 50° C. SecondS.........-.----2--2--2ee0eeceeceeeeeeeeeeeeee 119 | i88 
Per cent of total bitumen insoluble in 86° B. naphtha: #22 ee oe eee 8.08 | 16.58 
WUEXCO CAL DOME aa ae ns ete oe eas eee ae oe ee eee = eee one ae per cent. 7 5.49 | 9.04 
Bitumen soluble in CS: (total bitumen) .-......-.-.-.-----------.------ per cent.. 99.95 | 99. 95 
Organic matter insoluble. .....-.-.-.--------------------+-----+------- per cent. 05 | 05 
Tnorganic matter insoluble. .....-.-.----.------------------------------ per cent... | 00 00 

Total: tis: 222-2 - 2254-22 ~2 22 < bt nS = Es = pe a ee per cent. .| 100.00 | 100. 00 


The mat on section 3 in March, 1917, was failing quite generally over 
all but 150 feet, where the drainage was best. Raveling of the mac- 
adam had started in a number of places and the effects of poor drain- 
age, especially for the westerly 250 feet where the roadway is in cut, 
was more evident than at any time since construction. The south 
side had softened and rutted and many of the broken areas in the sur- 
face had spread until they had run together and a general disintegra- 
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tion of the surface appeared imminent. It appeared probable that 
reconstruction of the macadam would be necessary. 

Section 4 was re-treated in October, 1916, and at the time of in- 
spection was in almost perfect condition. A few small spots near 
the north end showed excessive wear, but otherwise the surface was 
uniform and intact. The quantities and costs appear in Table 58, 
and the characteristics of the bitumen, which was the same as used 
in original construction, were the same as of that used on section 3. 


TABLE 58.— Materials and cost data for surface re-treatment, Washington, D. C., in 1916. 


Experi- " 
ment No. | Experi- |_/xperi- 
1, refined | ment No. ‘ 


Item. water-gas | 2,asphaltic Ras eter 
ee ores petroleum. petroleum. 
Area treated.....- Sno aedoedie sbocdne nee cdedounsos deepeseac sq. yds.. 1,318 1,129 2,041 
Quantity of material per square yard: ; 

IBIGUIMIMOUSHMALEHIAIW econ noe oe Me eyes saeco ek galls... 0. 138 0.152 0.113 

SANG Esters cieisiesete ne cieicicieiniels ctersrs cicisis Hee Bieim sb het ten cu. yds. . . 0064 - 0053 . 0046 
Cost per square yard (cents): cue Seed Rien cemaee 

BIGMIMITHOUS IM ALerialey se Ue esperar ee ene STRUNG Oh VME picts ayehand oe 1.38 1.70 1.81 

Sandman kbs le has SU aah 1.03 . 86 .73 

OIGINUN TO R)bIy EC oR eae Seen ber Se ebr ce necMeebee sae sSeeeseecneer .05 . 06 213 

Hauling materials........-- ode demu ciad Hass te deeper coproeeee 1.08 . 27 . 88 

Applying bituminous materials.........-.-.-----.-----+---+---- 42 .56 56 

JAW yy) Nanle SEiG! =o seen e bdo eee peau ocedesderususueae oe ascecead = 41 49 dil, 

SUN RIOT- OOp pe coapecce Coo= ve Dent none steEadcas spouse ocheicred 41 48 . 36 

PRG ball Bee ere eee se teas wee ee ceiejson tee eines aerate 4, 78 4.42 4.64 


CHEVY CHASE, MD., 1912. 


BITUMINOUS CONCRETE, CEMENT CONCRETE, OIL CEMENT CONCRETE, VITRIFIED 
BRICK, BITUMINOUS SURFACE TREATMENTS ON CONCRETE. 


The original reports of these experiments were begun in Circular 
No. 99 of the Office of Public Roads and completed in Bulletin No. 
105, U. S. Department of Agriculture, and supplementary reports 
have been published in Bulletins Nos. 257 and 407, U. S. Department 
of Agriculture. The following report covers the condition of exper- 
iments on February 21, 1917. | 

Expervment No. 1—Bituminous concrete, Topeka specification.— 
This section continued in essentially the same condition as at last 
report. At poimts 15, 25, and 30 feet from the north end of the lime- 
stone section three cracks appeared, extending about one-half of the 
width of the surface on the gutter side. About 70 feet from the 
north end of the trap section, near the gutter, there were two breaks 
with an area of about 1 square foot each. In one of these the con- 
crete base was exposed. The slight pitting noted in the last report 
had not increased. 

Experiment No. 2—Bituminous concrete, District of Columbia speci- 
fication.—This surface continued in the same condition as when last 
reported. Two cracks have appeared at 50 and 65 feet, respectively, 
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from the north end on the track side and extend about two-thirds 
across the width of the surface. Shght pitting, due to the disinte- 
gration of exposed rock particles, was still noticeable, but there was 
no increase over that reported last year. The repairs made at the 
expansion joint, described in the last report, appear to have been 
adequate, as no further trouble has been experienced at this point. 

Expervment No. 3—Cement concrete and oil cement concrete; sur- 
faces treated urith bituminous materials—During the autumn the 
entire surface of experiment No. 3 received a carpet treatment with 
torpedo sand as a top-dressing. Sections A, B, G, and H were treated 
with a water-gas tar preparation, and sections C, D, E, and F with 
a residual asphaltic petroleum. Sections I and J received a carpet 
_ coat in two applications of one-half gallon of cold asphaltic petroleum. 
The first application was top-dressed with torpedo sand and allowed 
to stand 48 hours, after which the second application was made and 
additional top dressing applied. The material and cost data for 
these treatments are given in Table 59. 


TABLE 59.— Materials and cost data for surface retreatment in 1916, Experiment No. 3. 


Sections C,| Sections A,| Sections 
D,E,and F,|B,G,and H,| Tand J, 
Ttem. residual pene -gas asphaltic 
asphaltic | tar prepa- | petroleum. 
petroleum.| ration. 


INSRDD RDA IG Le ae 5 a ce aC SS ee Ne Ree sq. yds... 1,725 1,840 667 


Quantity of material per square yard: 
Bituminous Materials--25-4-- es eee se eo ee ee eee galls. - 0. 275 0.306 0. 499 
Sand asec seers ceca eb Ceme oe a Sa nee eee cu. yds. - .0078 - 0084 .0149 
Cost per square yard (cents): 
Bituminousmaterials: ooo. osecs < sasicine o yae os eee sees cee ees 3.00 4.14 5.94 
San pe peers) ee ae Sasa See si ae ee hale eae 1.64 1.77 3.18 
Cleaning suriace. oes. — $2 323 ao. ILI EE Sete TSE. SS 30 55 44 
A pplyine biguminows materials: - (2-2 she es pe ee See 89 87 85 
A PPS SAU Soa. ee taee tees aioe - IIIS. See eee Se PEER -27 | - 25 44 
SHIPS E SONG 5 osessond sdessoosss susocacesbedaccosspdadse seasesce . 23 . 66 -80 
Totaleis otis: sss = Sh ee eos Soo ais. eee vee ch areca oat aat ee 6.33 7.81 11.65 


Sections A and B: These sections were in almost perfect condi- 
tion except for a distance of about 30 feet at the south end, which 
was treated in cold weather. Over this portion of the experiment 
there were quite a number of small scars, where the treatment had 
been removed by traffic. 

Sections C, D, E, and F: This mat was noticeably heavier than 
that resulting from the application of water-gas tar and had a dis- 
tinctly leathery texture. About 10 feet south of the Epost there was 
one small break, the only one on the section. Slight calk marks were 
visible and quite generally distributed, and there appeared to be a 
tendency to push, but the wavy condition was barely noticeable. 

Sections G and H: These sections showed no breaks, and the sur- 
face was smooth, but the wear near the center had exposed the 
concrete in a number of places. 


ee ae 
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TABLE 60.—Analysis of water-gas tar preparation: used in surface treatment of concrete 


experiment. 
SEMI Greta wats 200/20 iG sets sw! kaye cee Nun ar§ Mee Ee cid co soaieres ane oo aniaegd bist Ysa a 1.155 
Float test 32° C. Goconday 321: DOP TC (SeCOMGS Pawesenrss ue am. A memB me eeue Dunn 84 
HCINCOMIPIFECL CATO ta tccc vase isso Aye 5c eet ecl ene MU Nesta or oy Me ay 2.22 
Per 
Per cent cent 
Distillation: hee, aan 
WCU RES LEAR Ae RENE. tes RE SR gen el IR HRTON A ev Rea 0.0 0.0 
ont ial CMETONS! (LO MUO CH ne ,x- cies ele eer a eye snes ae wide 2 dns .0 .0 
Second hwons Elidestol 70S Cling st ccnete ee clos Se ee OL wll .0 .0 
ea ols Ch702 to DVO © tt) ) RN SOOT SN 714.1 a7 
EHeanryrovla27O2stosOOri©. issu ae earesah. le.) 28.9 7.4 
iL @ rian ee re a epee tty pe ek. Ate Uk a. eae 3740 80.9 
TNGUGW joie Beh ele Sa Eee ee nN oa eee Og 100.0 100. 0 
Per 
Dimethy] sulphate test: Percent {eee 
by vol- insolu- 
Fraction: ume. ble. 
UO SOO MON. Ss SACSay SLO! ONS 1S) ONE DOS | nics eed 8.9 0.0 
SOOO TAD Oe Oe a Mae crue eS wees ra PURI See ce A Lee ar MONT eae ane 20.8 5.0 
SOMMERS Ole: OP Pee nc ie dale 1 Linus Waph 2k Noi: ee Wel. eat Nee 7.0 7/5) 


TABLE 61.—Analysis of Sairaleury products used in surface treatment of concrete experiment. 


——— 


Sections C 


Sections T 
and 
F, residual | 224 J, as- 
phaltic pe- 
asphaltic feos Gy 
petroleum. ; 
Specific grav it DESPA (Qik Be 3 Se i RE NE WEG Se RTS E Ae Ri ETRE SNES De a LI 0.993 0.945 
EIERSEO TIO LIRD oc OEE oer ey eee We cee Me SO RS Si. eet EN 2 Re a Near 37 
Burning point UC) SS Scs pb Se Be Shon OOo eee ae ee Ets AI aa rit mange aA NoaU emer eee aN Leh allea Listen Leathe 93 
Specific viscosity ener, ENG, Osc presses Sea ayeID ae AUEAI Ines Be eater nh pepe ol eet 113.5 297.5 
Float test at 50°C. MISC CORG StMae snc eaee eRe ete Popsicle oie ee eis tale beatae Lee Umea Peli ents fone ei 
Loss at 163° C., 5 hours, ZO ETAINS SEL CONG se cnc os ue ee selene oe sera 13.71 26.09 
Float test on residue 50° C. PES OCO UG Sle ete tes oan ste tr LL ie cy IO UE Ae 151 101 
Per cent of total bitumen insoluble in 86° B. naphthaes . eee eee le Serena 18. 63 14.67 
PEA LCAT EDEN EIiCOM bees wettest issu cts cicpaaaicicid feel cre/-injorule yejanietieee bios SLSR 11.25 8.5 
Bitumen soluble in CS: (total bitumen), per cent ae ee as aye DS aagee Bis ay eerie ce apeaae 99. 89 99.85 
OUP AINCMMAL CCH HSOMIDIC,) PONCEME = 1-25. ce hat tone eck ch neon ee be one Nece .08 15 
Intoreanicumatver msoluble, percent. 6... 055.00. sodsss bedcccuecs adorns sll: 03 .00 
LE OLAMDOIICeM bese ears ar ee bine eee io eee cas STROH OS Ora OC Mae apostEcons 100.00 100.00 


1 At 100° C. 2 At 25° C- 


Sections I and J: These sections were much like C to F and had a 
rubbery mat with few breaks, but a tendency to push. With cold and 
moisture the mat became somewhat mealy under traffic. 

Expervments Nos. 4 and 5—Ouil cement concrete; cement concrete.— 
There was less distinction apparent this year between experiments 
Nos. 4 and 5. The gravel aggregate showed a very material wear 
in No. 5. The limestone appeared to be worn more than the gravel, 
as evidenced by conditions along the eastern 4 feet of the surface 
and especially over the last 50 Pe of experiment No. 4, south oe the 
Columbia Club main entrance. 

Experiment No. 6—Vitrified brick —There has been no great differ- 
ence in apparent wear between the several sections of this experiment. 


1 Very viscous. 2 Clear. 3 Hard, brittle. 
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Loeal failures occurred in sections K and L amounting in all to about 
200 square feet. A profile has been run along both sides and along 
the center of the experiments indicating that there has been consider- 
able settlement in the sections where local failures occurred. It was 
expected that repairs would be made in the spring by cutting out the 
depressed areas, keying the edges carefully and patching with brick 
similar to that used in the original work. 

A traffic census has been taken on this road every 13 days for a 
24-hour period. A tabulation of the maximum and average for each 
class of traffic for the calendar year 1916 is given in Table 62. The 
west side of the road carries south-bound traffic coming from the 
railroad and the east side carried north-bound traffic toward the 
railroad. . 

The total cost of each experiment to December 31, 1916, are shown 
in Tables 59 and 63. 


TABLE 62.—Volume and character of traffic on Kensington Road north and south of 
Bradley Lane, January 1 to December 30, 1916. 


| North. South. 
Maximum. Average. | Maximum. | Average. 


South | North | South | North | South | North | South 


North 
Laut ‘bound. | bound. | bound. | bound. | bound. | bound. | bound. 
i Ae 7. 
1 | Loaded 1-horse wagon.......... re Wace ieee ees Ss fame 10 8 
2 | Unloaded 1-horse wagon.......- 9 | 20 | 3 | 9 2 16 5 | 7 
3 | Loaded 2-horse wagon........-- 18 | 60 | 2 24 17 58 7 23 
4 | Unloaded 2-horse wagon......-. 24 | 30 | 8 | 13 | 49 15 2 | 4 
5 | Loaded +horse wagon.......... 1 | a ee) (Sse Be 3 22 os ase |e sees 
6 | Unloaded +horse wagon.......- | 1 | | Hh eS ates ae 1 1 Bae SFOs le ne 
7 | One-horse pleasure vehicle... -.- 7 | 21 2 6 12 10 6 5 
8 | Two-horse pleasure vehicle- ---- 1 | 0) |eSess655loss25== | 4 hy Pete Eeaa~ ee 
9 | Rubber-tired horse vehicle. . ---| 5 | Sf Pas S a5 ee | 5 | SP ek ai ae Bogen 
40} paddice here. 2 t 10 | 11 | 3 2 | 15 | 10 | 3 | 3 
445] Motor eyelo. 2) = 2222 2k soos 3, Rear 2 12] 8050] eeao7 eed 12 
12 | Excessively heavy vehicle}... -.| 5 | i [eee 1 | 6 7 | 1 1 
13 | Motor runabout----......--.--- 38] 127] 12 54 | 206 143 | 78 56 
14 | Motor touring car.............-. ieee - oe eat = ok eae 264| 858] 711} 386] 298 
15 | Loaded motor dray-..-.-..--.-.-- 32 | 82 | 7 dl 71 | 59 | 43 35 
16 | Unloaded motor dray..-..-.-.--- | 13 | 40 | 2 12 30 | 24 OT 12 


1 Very heavy vehicles, such as carry ore, stone, timber, machinery, etc. 


TABLE 63.—Surface maintenance costs of 1912 experiments at Chevy Chase, Md., to 
December 31, 1916. 


Maintenance cost of experiments. Total cost per square yard. 


j i 
| | 
| Total for | | 
Experiment No.| Area | experi- S| 
i | ments to 1916. | Total. | Cosas | 
| | Dec. 31, | Pes | 
i 1915 
| Sq. yds. Cents. 
hose OE SAL eR 1, 498 ers Ory [epee een $3.25 186. 62 
PA es 5 Se ag mn 1, 400 7.66 $3. 61 11.27 195. 65 
ob 4,178 | 3.57 338. 76 342.33 2154.95 
Aas See ee ee 1,744 | 20.50 17.66 38.16 2150. 25 
oe he Se eee 2 3,013 | 22. 7: 8. 28 31.01 2142.29 
Fat hy Se i Meee es 8 2,055 | 1.77 1.59 3.36 258.21 


1 In the progress report for 1915 the square yardage of experiment No. 4 included all oil-cement concrete. 
In October, 1916, sections G, H, I, and J were surface treated with bituminous materials and torpedo sand, 
restoring them to their original condition, and reducing the area of the oil cement concrete experiment to 
1,744 square yards, as originally constructed. The area of experiment No. 3, which is now entirely surface- 
treated, is correspondingly increased to 4,178 square yards. 

2 Weighted average price for difierent sections. 


DUST PREVENTION AND ROAD PRESERVATION, 1916. 59 


CHEVY CHASE, MD., 1911. 
BITUMINOUS CONSTRUCTION AND SURFACE TREATMENT. 


The original reports of these experiments are given in Circulars 
Nos. 98 and 99, Office of Public Roads, and supplementary reports 
appear in Bulletins Nos. 105, 257, and 407, U. S. Department of 
Agriculture. The following report is based upon an inspection made 
February 21, 1917. 

Section No. 1—Refined coal tar, penetration method.—Except at the 
narrow part of the section where traffic is much concentrated, this 
surface presented an excellent appearance. The wear has been even 
and a uniform, slightly mosaic condition prevails. At the curve the 
agoregate was exposed quite generally and a few shallow patches were 
needed. It appeared probable that a re-treatment of this portion 
with about 0.25 gallon per square yard would be required in the 
spring. The gutter on the west side of the section continued to give 
trouble and is responsible for a sight roughness at this place. 

Section No. 2—Refined coal tar, modified Gladwell method.—The 
condition of this section continued satisfactory. The slight roughness 
along the gutter edge noted in the last inspection report had not 
increased, and except for a strip about 4 feet wide on the track side 
of the section, the surface was in practically perfect condition. ‘The 
4-foot strip required a little patching and would be benefited by a 
re-treatment. 

Section No. 3—Fluxed native asphalt, penetration method.—The 
wear on this section, noted as being somewhat irregular last year, 
was much more even and the experiment is conspicuous on account of 
the uniform condition over the entire cross section. Only a few large 
stones were noticeable throughout the surface. 

Section No. 4—Gilsonite oil-asphalt, penetration method.—The south 
end of this section did not require the heavy patching expected last 
season and continued in fair, but uneven, condition. The north end 
is heavily patched, especially along the track side. The mat con- 
tinued in about the same condition as last year, but the surface was 
somewhat more uneven than that of section No. 3. 

Section No. 5—Oil asphalt, penetration method.—The east and west 
parts of this experiment were much more nearly alike than in 1915. 
The east side has failed just as the west side did; heavy patching was 
needed. The west side continued intact as a result of the patching 
done, but both sides were rough and wavy. 

Section No. 6—Oil asphalt, penetration method.—The east side of 
this experiment continued generally better than the west side. On 
the west side about 60 feet south of the Chevy Chase Club entrance 
there were two breaks through the surface, but the corrugations near 
the gutter had not increased and the surface otherwise was intact. 
It was much smoother than that of No. 5 throughout the traveled way. 
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Section No. 7, A and B—Oul asphalt, penetration method.—Section 
A continued distinctly more mosaic than B and required a little patch- 
ing. Section B had the aggregate exposed in numerous spots along 
the east half and needed somewhat heavy patching in the spring, to 
go through the season. The west half toward the trolley tracks was 
much better and less moisture appeared through the surface than near 
the gutter. _ 

Section No. 8—Refined water-gas tar preparation, surface treat- 
ment.—During the past summer experiment No. 8 was re-treated with 
the same type of bituminous material as used in previous treatments, 
and the section appeared to be better than is usual in winter. The 
recent treatment, however, wore away in small areas, exposing the 
smooth surface of earlier treatments beneath. There were no breaks 
in the surface, and the wear since the last re-treatment has been uni- 
form with the surface, smooth and regular. This experiment indi- 
cated need of re-treatment in the summer. The cost of the re-treat- 
“ment is given in table 65. 

Section No. 9—Asphaltic petroleum, surface treatment; Section No. 
10—Residual petroleum, surface treatment.—Section 9 was again 
re-treated during the past season. South of Kirke Street the east 
half of the section was wet and rough, but the rest of the section was 
better than is usual at the time of inspection, and presented a gener-. 
ally smooth surface, except for waviness on the east one-third. 
It seemed probable that the section would require another treat- 
ment. Table 64 gives an analysis of the bituminous materials used in - 
re-treating sections Nos. 9 and 10, and the cost of re-treatments appear ~ 
in Table 65. 

Both ends of section No. 10 were rather better than usual at this 
season of the year but the middle one-third was bad, having developed 
the characteristic pot-holes at more or less regular intervals, owing 
apparently to the rhythmic impact of automobile traffic. 


TaBLE 64.—Analysis of asphaltic petroleum used in retreatment of sections 9 and 10. 


pectic oravaby 25°/25° Geos ono a oe oe ee oie ee eee 0. 952 
lash some (2:C:) 2. 0. Pee ee ee ed ee 18 
urnine pome (OCA ss se th eens ce a ee kadks Poe eas ee ee 30 
Specifierviscosity, ‘Hneler/50 ic.¢.,°25% C.il:.bst te. S ee ee 90. 9 
Loss:'at 163°, C:,:5-hoeurs; 20jerams; per cent_2:.: 2.3 -24- Soda eee ee 24, 42 
Floah test on.residue,:50° C., seconds... -2.4..).. case = «tole eee eee 118 
Per cent of total bitumen insoluble in 86° B. naphtha..................-.---- 10. 47 
Per ‘cent fixed carbon. . 2-2-2 222 sc.4-be eee eh ee eae. (eee eee 4.50 
Bitumen soluble in CS, (total bitumen)..... tix Sais ee Sees oe ae eee 99. 92 
Organic matter ansoluble.......:. ose. 625) eecs moon ded ask ee . 05 
Inorganie matter insoluble2. < 052. Ste oa eee . 03 
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TABLE 65.— Materials and cost data for surface re-treatment, Chevy Chase, Md., in 1216. 


Experi- Experi . 
peri- Experi- 
mene NG ment No. | ment No. 
Item. aoa er-gas 9, asphal- | 10, asphal- 
tar prep- tic petro- | tic petro- 
arationt leum. leum. 
PAT OSNULOALLE Geen eres e pce on sererictnrte cersiere Sinls S cisiaiereine square yards... 1,477 761 1,013 
Quantity of material per square yard: 
Bituminous material.............--------------------- -gallons. - 0.149 0. 289 0. 299 
Gravely: sere hoes Saas Leese See cick hwwsgicbrse Gubiciyards--|2ts.---e-<e - 0138 -0114 
ELT T CL pene eee soos tel oete lave lave niais wiciwinia efsieictelslefe sicielei='- GloOs6ase OUTS wiSceaer eeicaelinwe esac sieeee 
Cost per square yard (cents): 
lssiiiemip ie EW  .- -Sodcsogo soba obe pacUDLEpEEocoupDASSoueT 1.85 3.47 3.59 
ANC eee ee ee rates tee are w cieeeyaie a arom ava sinis)siavarsjajeieisa.ois | <teioraiamyaletoreters 3.53 2.91 
biG soctr dsebncascact acubonesabaoe SOOnBesaC cp aor aeenas sais cae Q9b yr ectetak fa a Seo eee 
Clepiatie SUMED E 628 Ss aabebob de deeds ssoene sce beaEepecoddepsdeas -13 03 . 30 
Hauling materials........--. be codteoteSabosot seectassdangscgs4sq 41 54 .49 
Applying bituminous materials..-...------ 2... .-.--.--5------4 55 19 508 
AN ayo) Watars Sey @r ere Glos e555 paepeecocguadgcr socousssbecesooas 25 -26 .36 
SS enV A SIO Meme ee seers steee w lela oare eo) efoiwinlare.= ale «12 \c\einieolnisieaioiais 41 74 1.02 
UGE LS 3 oe cB OSSS SSeS DUBS G Ab er SECURE HE CeOS eae ce nine Mace ner 6.55 8.76 8.$9 


TABLE 66.—Surface maintenance costs of 1911 experiments at Chevy Chase, Md., to 
December 31, 1916. 


Maintenance cost of experiments. Total cost per square yard. 

Experiment No.| Area, | {piso 0 a 
on- ain- 
ments to 1916 Total. Staictionte letonancel Total, 
Dec. 31, 
1915 
Sq. yds Cents. Cents Cents 

1b SS Seon eCeoeucese 1,581 $128. 45 $4. 23 $132. 68 46.18 8 54. 57 
P45 3 Tih 2M a hary B a oe 705 16.14 4.55 20. 69 64. 42 2.93 67.35 
Ry ESO See Aas 1,555 14.71 5. 92 20. 63 64. 69 1.33 66. 02 
CAT Bis HA CARE EOS 1,555 46.77 10. 32 57.09 57.18 3. 67 60. 85 
Sa ete 1,447 305. 50 7.75 313.25 58. 27 21.65 79. 92 
Oat eee cee et ais T200 oP 2 8.85 44.47 Ge 22 2.86 71.08 
7 BS eee ee ee : 9.9 
Woo 8, Ul. |. 848 93.71 \ 2.90 103. 19 { 54. 80 \ 10. 54 66.03 
Bs dB Ghaonoen seeEe 1,477 130. 80 117.05 247.85 39. 59 16.78 56. 38 
Ne Ee 8 ee ee 7 148. 22 77.97 226.19 42.01 29.72 71.73 
U0 ape ee SoBe 1,013 437. 84 131.16 569. 00 44.31 56.17 100. 48 


Section No 11—WNatwe asphalt emulsion, macadam surfacing.— 
This section never has been re-treated and it has required no patching 
until the past season, when a few slight breaks were repaired. The 
mat was breaking rapidly and at date of inspection there were 
numerous places where the aggregate was exposed and four or five 
places where raveling was imminent, with moisture coming through 
about 60 per cent of the surface. It was probable that considerable 
patching and a reseal would be required in the spring. 

Maintenance during 1916—In addition to the general re-treatments, 
as above described, the patrol system of maintenance was continued | 
during the year. Table 66 presents the total cost of all maintenance, 
including the re-treatments shown in Table 65 
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A traffic census was taken every 13 days for a 24-hour period. The 
maximum and average of each class of traffic for the calendar year 
1916 is shown in Table 62. Each side of the road carried traffic in 
one direction only. | 

JAMAICA, N. Y., 1911. 


OIL-CEMENT CONCRETE, OIL-ASPHALT, TAR, AND FLUXED NATIVE ASPHALT. 


The original report of these experiments was published in Circular 
No. 98, and reports of annual inspections and repairs are given in 
Circular 99, Office of Public Roads, and in Bulletins Nos. 105, 257, 
and 407, U. S. Department of Agriculture. The following report 
relates to the condition of the pavement on January 23, 1917: 

Experiment No. 1—Ovl-cement concrete.—In September, 1916, the 
old bituminous surface was loosened and removed. The concrete 
pavement for about 20 feet on each end of this section was broken — 
up and rolled down with a steam roller to about 2 inches below the | 
abutting grade. The whole area of this section was then covered 
with a 2-inch surfacing of Topeka asphaltic concrete. 


Experiment No. 2—Cut-back ovl-asphalt, miaing method.—The east- — 


erly 50 feet has been patched considerably and is in bad condition. 

Experiment No. 3—Fluzed native asphalt, mixing method.—This 
section was in good condition except at places where cuts had been 
made for house connections and along the sides where the foundation 
had been poor. The waves in the surface on the north side at the 
east end had become 2 to 3 inches in depth and were lengthening 
westerly. They seemed to have originated from the waves in the 
adjoining section. The seal coat was wearmg thin throughout the 
- section. 

Expervment No. 4—Refined coal tar, mizing method.—The tar seal 
coat on the westerly half was worn nearly off. The whole surface 
showed waviness, especially along the north edge for a width of 5 
feet from station 8 to station 9 and for a width of 10 feet on the 
south side from station 8+45 to station 9+50 where the surface 
has disintegrated in places to a depth of from 1 to 3 inches. The 
asphalt seal coat on the easterly half was becoming thin and worn 
through in several places. Several shallow potholes had formed 
along the north side from station 9+50 to station 9+65 and the 
disintegration had extended deeper on the south side from station 
10+60 to station 10+80. In September, 1916, the surface east of 
a house connection near station 10+80 was replaced with a 2-inch 
surface of Topeka asphaltic concrete. 

Expervment No. 5—Cut-back oil-asphalt, mixing method.—In Sep- 
tember, 1916, the surface of this section, except the easterly 100 feet, 
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was rebuilt with Topeka asphaltic concrete. The surface on the 
easterly 100 feet was in fair condition, except along the sides and the 
center from station 13+25 to station 13+40, where the seal coat 
had worn through and several potholes had formed. 

Experiment No. 6—Ouvl-asphalt, penetration method.—In the spring 
of 1916 two small potholes about 7 feet north of the center at stations 
13+97 and 14418, and two small potholes at the junction of experi- 
ments Nos. 6 and 7 were patched with broken stone and asphaltic 
cement. No other repairs were made on the section during the year. 
The seal coat was worn through in a number of places and potholes 
were developing on the north side at stations 15+40 and 15+45, 
where the foundation had been poor. From station 13 +94 to station 
14+38 the surface was disintegrated slightly. 

Experiment No. 7—Refined coal tar, penetration method.—Potholes 
have formed in the surface from station 15+57 to station 16+965. 
The south edge from station 16 to station 17 was in poor condition. 
The seal coat was becoming very thin. This section was less wavy 
than any of the other sections and, on the whole, was in good condition. 

Experiment No. 8—Fluzed native asphalt, penetration method.—The 
slight waviness of the surface was a little more pronounced than at 
the previous inspection. The small pothole at station 17+60 had 
disappeared ‘but a depression still was noticeable. On the whole 
this section was in very good condition. 

Expervment No. 9—Oil asphalt, penetration method.—The surface 
was raveled to a depth of about one-half inch or more in a number of 
places scattered throughout the section. At the easterly end the 
surface abutting the wood-block pavement was particularly bad in 
this respect. This probably was due to a slight difference in grade 
elevation for the two surfaces. 


RESUME OF PREVIOUS REPORTS. 


OIL-CEMENT CONCRETE, OIL ASPHALT, TAR, AND FLUXED NATIVE ASPHALT. 


This experimental road, 25 feet wide, was built in August and 
September, 1911. The work consisted in resurfacing a 2,000-foot 
length of badly worn, water-bound macadam pavement on Hillside 
Avenue. Before the experimental work was begun the old macadam 
surface was scarified and rebuilt to a crown of three-eighths inch per 
foot by addition of material and rolling. On this macadam as foun- * 
dation nine experimental surfaces were laid—one oil-cement concrete 
pavement, four bituminous concrete pavements, and four bituminous 
macadam pavements. The aggregates used in all the experiments 
was clean, crushed trap rock, screened according to the following 
grades. 
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S PE ES 2 Tun passing a inch circular opening includ- 
ing dust of fracture; ?-inch stone, passmg 1}-mch circular opening 
and retaimed on ik opening; 14-inch stone, passing 23-inch cir- 
cular opening and retained on 13-imch opening; 2-inch stone screen- 
ings from which dust had been removed. 

Traffic census for 11 days m 1911 showed a maximum of 2,794 
vehicles per day of 24 hours, a minimum of 655 vehicles per day of 
24 hours, an average of 1,493 vehicles per day of 24 hours. 

Table 67 indicates the method of construction of the experimental 
sections and shows their condition at the time of several mspections 
since construction. The tabulation shown has been prepared from 
detail reporis of Imspection and published in Circulars Nos. 98 and 
99, Office of Public Roads, and in Bulletins Nos. 105, 257, and 407, 
U. S. Department of Agriculture. 
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DUST PREVENTION AND ROAD PRESERVATION, 1916. 67 


AMES, IOWA, 1910. 
OIL-ASPHALT GRAVEL. 
RESUME OF PREviIoUS REPORTS. 


This experimental road was built in September, 1910. The work 
consisted in resurfacing a 300-foot section of gravel road in the 
grounds of the Iowa State Agricultural College. The old gravel 
road had a thickness of 6 inches and was in good condition when the 
work was begun. A portion of the traffic was automobile. Table 
68 shows the condition of the experiment at various times since its 
construction. The results shown have been taken from the reports 
of inspection made by this office, published in Circulars Nos. 94, 
98, and 99, Office of Public Roads, and in Bulletins 105, 257, and 407, 
U.S. Department of Agriculture. 
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DUST PREVENTION AND ROAD PRESERVATION, 1916. 69. 


KNOXVILLE, TENN., 1910. 
TAR AND OIL PREPARATIONS. 
RESUME oF PREvious REPORTS. 


This experimental road was built in the summer of 1910. The 
work consisted in resurfacing a section of the Rutledge Pike, an 
old, badly worn, water-bound macadam. Before the experimental 
work was begun the old macadam surface was loosened and _ re- 
shaped. Crushed limestone ranging from 2 inches to three-quarter 
inch in diameter was spread over the road to a depth of 2 inches, 
and rolled. A crown of one-half inch to a foot was used for both 
the foundation and the surface. On this macadam as foundation, 
three experimental surfaces, 20 feet in width, were laid, using bitu- 
minous materials by the penetration method. A very hard limestone, 
known locally as iron limestone, was used in the wearing course of 
all the experiments. The following table indicates the method of 
construction and shows the condition of the experimental sections 
at the time of the several inspections. The tabulation has been 
prepared from reports made by this office and published in Circu- 
lars Nos. 94, 98, and 99, Office of Public Roads, and in Bulletins 
Nos. 105, 257, and 407, U. S. Department of Agriculture. 
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DUST PREVENTION AND ROAD PRESERVATION, 1916. 71 


YOUNGSTOWN, OHIO, 1909. 


SLAG, SLAG AND LIME, SLAG AND WASTE SULPHITE LIQUOR PREPARATION, AND SLAG 
AND TAR. 

_ The original report describing these experiments was published in 
Office of Public Roads Circular No. 92, and subsequent reports of — 
annual inspections in Circulars Nos. 94, 98, and 99, and in Bulletins 
Nos. 105, 257, and 407, U. S. Department of Agriculture. The fol- 
lowing report describes the condition of the various experiments on 
December 4, 1916, and furnishes a brief résumé of previous reports. 
The experiments are discussed in the order of their section numbers, 
beginning at Mahoning Avenue. 

Section No. 1, blast furnace slag—The condition of this section was 
unchanged materially since the inspection in December, 1915, except 
that the middle of the road was no longer pulverized, and pronouncea 
depressions about 2 inches deep have developed in the wheel tracks 
at about 150 feet and 175 feet from the north end. A hole dug about 
200 feet from the north end of the section showed the depth of slag 
to be about 8 inches. A laboratory examination of a sample of this 
slag showed (1) that the slag particles were carbonated on the surface 
and (2) a cementing value of 55. 

Section No. 2, blast-furnace slag and lime—The south one-half of 
this section showed two wide, shallow ruts, with a slight accumula- 
tion of fine loose material along both edges of the road, and over this 
part of the section the crown of the surface had disappeared almost 
entirely. The remainder of the section had not changed materially 
in appearance since the inspection of December, 1915, except that 
the ruts had become slightly more pronounced and a few of the 
foundation stones were showing in the surface. Holes dug at 125 
feet from the north end and 30 feet from the south end showed the 
depth of slag to be 653 inches. A sample of this slag showed (1) that 
the slag particles were carbonated on the surface and (2) a cement- 
ing ge Of hs. 

Section No. 3, blast-furnace slag and waste sulphite liquor prepara- 
tion—The north end of this section, for a distance of 100 feet, was 
resurfaced with slag sand in the fall of 1916. The next 100 feet 
showed a rather loose surface with two broad, shallow ruts, though 
the depression along the center of the road noted in December, 1915, 
had almost disappeared. The remainder of the section (300 feet) 

was worn uniformly and in good shape, except for depressions in the 
| ruts near the middle of the section, which cover an area of about 

2 square yards, and the west edge of the road had been partially 

destroyed to a width of about 1 foot for a distance of about 100 feet 

from the south end. The latter damage was caused by failure to 
maintain the shoulders in proper shape. The south end of the sec- 
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tion was worn down about 23 inches below the surface of section 4, 
where a bituminous binder was used. 
Holes were dug at 225 feet from the north end and 175 feet from 
the south end of the section and showed the depth of the slag to be 
about 64 inches. A sample of the slag showed (1) that the slag 
particles were carbonated on the surface, (2) that the pores of the 
slag contained: calcium hydrate crystals, (3) a cementing value of 63. 

Section No. 4, blast-furnace slag and refined coke-oven tar—The 
south 50 feet remained in good condition, except that the surface 
was slightly wavy. The remainder of the section, which was reported 
as having failed at the time of the inspection of December, 1915, 
had been covered over with slag sand, and is no longer of experi- 
mental value. A sample of the new slag sand showed a cementing 
value of 67. 

Section No. 5, blast-furnace slag—The south 90 feet of this section 
was in uniformly good shape. The remainder of the section, through 
the cut, was worn into ruts and showed an accumulation of fine 
material on the surface. The ruts noted at the time of the inspection 
of December, 1915, 165 feet and 135 feet, respectively, from the 
south end, had increased in depth to about 3 inches. For the rest 
of the distance the ruts were broad and shallow. The north end of - 
the section still was about 14 inches below the surface of section 4. 

Section No. 6, blast-furnace slag—This section had not changed in 
appearance since the inspection of December, 1915, except that an 
accumulation of fine material had collected along the east edge of the 
road. A hole dug about 150 feet from the south end of the section 
showed the depth of the slag to be about 94 inches. A sample of 
the slag showed (1) that the particles of slag were carbonated on the 
surface and (2) a cementing value of 45. 

Section No. 7, blast-furnace slag and open-hearth slag—The Retin 
one-third showed little evidence of wear and the surface was firm and 
well bonded. The south one-third showed considerable wear along 
the wheel tracks, but the top course did not appear to have worn 
through, and the surface still was firm and well bonded. The depres- 
sion over the culvert near the south end had flattened out, due to 
the wearing action of traffic, but had not been repaired. The middle 
one-third of the section was resurfaced with slag sand in the fall of 
1916, and probably will not be of any further service as an experi- 
ment. It was evident that the surface had become rather rough and 
badly rutted before the slag sand was applied. 

Holes dug at 50 feet and 100 feet from the south end showed the 
depth of the slag to be about 9 inches. A sample of the slag showed 
a cementing value of 65, carbonated surfaces, and practically no 
evidence of the open-hearth screenings used in the original con- 
struction. 
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These experiments have now been under way for about seven years, 
and the salient features of the records are summarized below for con- 
venience. 

The total length of the experimental road is 2,750 feet, and the 
width of the slag surface 14 feet. The blast-furnace slag was ob- 
tained from the Youngstown plant of the Carnegie Steel Co., and 
_had weathered on the dump for some time. The slag was selected 
with care and was screened to the sizes indicated for the different 
sections. The open-hearth slag was obtained from the ordinary basic 
open-hearth process and was ground to the size indicated. The tar 
was a refined coke-oven tar, and the waste sulphite liquor was a con- 
centrated form of the ordinary by-product in the manufacture of wood 
pulp. The traffic over the road is only moderate, but no actual counts 
have been taken. 


GARDEN CITY, DODGE CITY, BUCKLIN, AND FORD, KANSAS, 1908. 
SAND-CLAY. 


The original report of these experiments appeared in Circular 
No. 90, and reports of subsequent inspections in Circulars Nos. 92, 
94,98, and 99, Office of Public Roads, and in Bulletins Nos. 105, 257, 
and 407, U. S. Department of Agriculture. 

Expervment at Garden City.—This road was inspected December 9, 
1916. The ruts and low places mentioned in the last report had been 
repaired by the addition of new material and by the liberal use of the 
road drag. The road had been resurfaced for a distance of 600 feet 
between station 6 and the bridge across the Arkansas River. ‘There 
had been no rain since this work was done, and because of a lack of 
moisture the surface was not very well bonded. In general, this 
experiment was in a good condition. 

Expervments at Bucklin.—This road was inspected December 8, 
1916. Its condition, m general, was very poor. The surface was 
badly rutted and had worn very thin in places. From station 46 to 
the bridge it had been badly damaged from flood water of the Arkan- 
sas River in the spring of 1915. This section had been rebuilt and 
surfaced and was in good condition except that the surface was very 
poorly bonded. The summer had been exceptionally dry and very 
little improvement had been made by using the road drag in main- 
tenance. 

Expervment at Ford.—This road was inspected December 8, 1916, 
and was in good condition generally. The low places and ruts men- 
tioned in the last report had been properly repaired. The surface 
was very smooth and well bonded. 

These experimental sand-clay roads have led, either directly or 
indirectly, to the construction of many similar roads in that part of 
the country. According to statistics gathered by the Office of Public 
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Roads and Rural Engineering, United States Department of Agri- 
culture, in 1914 Kansas alone had more than 750 miles of road sur- 
faced with sand-clay, which was almost three-fourths of the total 
mileage of improved roads in the State. It seems, therefore, that 
these experiments have served their purpose entirely, and they will 
not be reported on again. 


BOWLING GREEN, KY., 1907. 
KENTUCKY ROCK ASPHALT. 


The original report of this experiment was published in Circular No. 
89 and reports of subsequent inspections in Circulars Nos. 90, 92, 94, 
98, and 99, and Bulletins Nos. 105, 257, and 407 United States Depart- 
ment of Agriculture. The following report relates to the condition of 
the pavement on January 6, 1917. This work had not been repaired 
or cared for in any way since its construction. The failure of the 
surface was most marked in the west 150 feet. On the north side of 
this section the surface failed for one-third the width of the road and 
the remaining area was covered with holes. The next 150 feet had 
several large worn areas and numerous pot holes. The surface 
of the remaining portion still was intact and where the binder had not 
failed the surface was smooth and hard. Generally speaking, the 
-condition of this experimental road would not warrant any repairs 


in the future. 
RESUME OF PREVIOUS REPORTS. 


A series of experimentai road sections were constructed in 1907, for 
the purpose of determining the fitness of Kentucky rock asphalt and 
crude Kentucky oil on binders in macadam construction and also to 
determine the comparative value of a residuum oil preparation and 
crude oil as dust preventives. The following table indicates the 
method of construction and shows the condition of experimental 
sections at the time of several inspections. The tabulation has been 
prepared from reports of inspections made by this office, published 
in Circulars Nos. 89, 90, 92, 94, 98, 99, and in Bulletins Nos. ‘105, 257, 
and 407, United States Department of Agriculture. 
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